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PRESERVATION OF BOVINE SPERMATOZOA IN YOLK- 
CITRATE DILUENT AND FIELD RESULTS 
FROM ITS USE 


G. W. SALISBURY, H. K. FULLER, anp E. L. WILLETT 
Department of Animal Husbandry, Cornell University, Ithaca, N. Y., and Seneca Coopera- 
tive Cattle Breeders’ Association, Inc., Interlaken, N. Y. 


INTRODUCTION 


Scherstén (11) found appreciable quantities of citrates in the sexual 
gland secretions of man and animals and stated that a considerable portion 
of the buffer capacity of the semen was due to citrates. Others, including 
Slowtzoff (12), Huggins and Johnson (5), and Goldblatt (3), working with 
human beings, and McKenzie and co-workers (6), working with the boar, 
have analyzed semen, and their work shows that it contains considerable 
quantities of phosphates and carbonates. Willett (14) recently has deter- 
mined the buffer coefficient curves for representative samples of the semen 
of the bull, the stallion, man, and the dog. The peaks of buffer capacity of 
bull semen coincide with the pH levels at which citrates, phosphates, and 
carbonates would be effective as buffers. 

Scherstén (11) found that addition of sodium citrate to a Ringer-phos- 
phate solution at the rate of 30 to 60 mg. per 100 ec. increased the longevity 
of spermatozoa suspended therein. Earlier Gray (4) had used sodium 
citrate to disperse spermatozoa agglutinated by metallic ions. However, 
Fleig (2) and Dubincik (1) have reported that citrate anion had a 
deleterious effect on sperm. 

In light of these several investigations it was thought worth-while to 
develop a buffer mixture for the preservation of bull spermatozoa which 
would correspond closely to the buffers of semen to be used with egg yolk 
in place of the phosphate suggested by Phillips (8) and Phillips and Lardy 
(9), and which had given such splendid results in investigations by us (15). 


LABORATORY STUDIES 


An M/15 solution of sodium citrate and an M/15 solution of potassium 
di-hydrogen phosphate were added to egg yolk in such amounts as to make 
the resulting mixture contain about equal parts of egg yolk and buffer with 

Received for publication June 12, 1941. 


905 
Copyrighted, 1941, by the American Dairy SCIENCE ASSOCIATION. 


ee 


906 G. W. SALISBURY, H. K. FULLER, AND E. L. WILLETT 


the pH adjusted at 6.75. When first used it was noted that the new citrate 
buffer dispersed the fat globules and other materials in the yolk so that the 
resulting mixture was clear in appearance. When using the microscope 
to examine a sample of semen diluted with this mixture one could readily 
discern the individual sperm; on the other hand, when using the yolk- 
phosphate diluent it was necessary to further dilute the mixture with a clear 
diluter before the individual sperm could be distinguished. 

Since this property was lost when the proportion of citrate was reduced 
by a small amount it was decided to use only enough potassium di-hydrogen 
phosphate as was compatible with satisfactory storage. Investigation 
showed that the phosphate buffer was not necessary for satisfactory results 
in the storage of semen when egg volk was also used. Consequently, in the 
investigations herein reported the yolk-citrate diluent was composed of 
equal parts of fresh egg yolk and an M/15 solution of sodium citrate. Four 
or five parts of this diluent were added to one part of semen for the storage 
studies. 

Comparisons were then undertaken to determine the relative value of the 
yolk-citrate diluent and the yolk-phosphate diluent in preserving the motility 
of spermatozoa under standard storage conditions. All the semen used 


in this investigation was collected from the dairy bulls in the Cornell Uni- . 


versity herd with the new-type artificial vagina (10). The semen was 
divided into equal portions immediately after collection. One-half was 
diluted at the rate of 1 part of semen to 4 or 5 parts of the yolk-citrate 
diluent. The other half was diluted at the same rate with yolk-phosphate 
dilutent made after the directions of Phillips and Lardy (9). 

The diluted samples were divided into 0.5 ce. portions and placed in 
small culture tubes. These tubes were then wrapped individually with 
paper and put into larger test tubes. The larger tubes were then placed 
in controlled-temperature water baths for cooling. Cooling was accom- 
plished by changing the tubes from one bath to another at definite intervals. 
In these studies the semen was cooled from room temperature to the storage 
temperature of 5° C. at the rate of 5° C. per 10 minutes. After storage 
the samples were warmed at the rate of 10° C. per 10 minutes. Willett 
(14) has shown that, while one must carefully control the rate of cooling 
of semen for best results, the rate of warming the sample is apparently of 
little importance. 

Each sample of semen was examined for motility at 37° C. in a microscope 
stage incubator immediately after collection and after 2, 4, 6, 8, and 10 days 
of storage. With the volk-phosphate diluent it was necessary to further 
dilute the samples with SGC-2 diluter (Milovanov (7)) so that the sper- 
matozoa might be readily seen. Studies of the buffer coefficient curves of 
this diluter showed that it possessed no appreciable buffer capacity and 
did not influence the pH of the stored semen plus volk-diluent when added 
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to it. Estimations of motility were made on the basis of the proportion of 
actively motile spermatozoa and were expressed as per cent to the nearest 
unit of 10. Willett (14) has shown that this method of estimation of motil- 
ity gives highly repeatable results. 


RESULTS OF LABORATORY STUDIES 


In table 1 is presented a summary of the studies comparing the motility 
of the spermatozoa during storage in the citrate and phosphate diluents. 
By the analysis of variance technique (13), no significant differences were 


TABLE 1 


Comparison of motility of spermatozoa during storage in yolk-phosphate and 
yolk-citrate diluents at 5° C. and without mineral oil 


Motility means Probabiliti 
Time Sample 
stored pairs Before After storage 
storage Phosphate | Citrate | 
days No. % % % | 
2 19 71 re > .05 
4 19 72 38 40 S .05 
6 17 72 26 35 < 01 
8 19 72 2: 32 < 01 
10 16 72 13 | 22 | < .01 


detected after 2 and 4 days of storage. After longer intervals of storage 
the differences were highly significant in favor of the citrate diluent. In 
addition, it was noted that, especially after 6 and 8 days storage, the sper- 
matozoa were more active and many more showed progressive motility in 
the citrate than in the phosphate diluent. 

In table 2 is presented a summary of the pH values of the semen-yolk- 
buffer mixtures before and after storage. It can be readily seen that there 
was practically no difference between the average pH values of the two 
mixtures either before or after storage for different intervals. 


TABLE 2 


Comparison of pH of semen during storage in yolk-phosphate and yolk-citrate 
diluents at 5° C. and without mineral oil 


pH means 
Time Sample Before storage After storage 
Phosphate Citrate Phosphate Citrate 
days No. pH pHi pH pH 
2 18 6.74 6.71 6.62 6.64 
4 19 6.74 6.71 6.55 6.54 
6 17 6.73 | 6.70 6.54 6.50 
8 19 6.73 6.70 6.50 6.45 
10 15 6.72 | 6.70 | 6.45 6.44 


| 


908 G. W. SALISBURY, H. K. FULLER, AND E, L. WILLETT 


Although the average pH values of the mixtures before storage were 
about the same, the values for the semen in the citrate buffer were more 
variable than those for the phosphate buffers, for their coefficients of vari- 
ation were 1.12 per cent and 0.73 per cent, respectively. This can be ex- 
plained by the lower buffer capacity of the citrate diluent at these pH 
levels, with the result that the pH of the semen, which is quite variable, would 
have a greater influence on the pH of the citrate than on the phosphate 
diluent. 


FIELD STUDIES AND RESULTS 


Since the citrate buffer appeared to excel the phosphate buffer when 
used with egg yolk for the preservation of semen during extended storage, 
an experiment was designed to compare the fertility of spermatozoa stored 
for various intervals in the two diluents. This experiment was undertaken 
in cooperation with the Seneca (Seneca County, New York) Cooperative 
Cattle Breeders’ Association, Inc., and all of the inseminations were carried 
out by H. K. Fuller. 

The semen was collected and handled in a manner already described 
(15). Alternate ejaculates from each bull were preserved in the citrate 
and the phosphate diluents and then used for breeding after various inter- 
vals of storage. Semen from five bulls was used and the results for each 
bull are reported separately in table 3. Bulls number I and II are Holsteins, 
the others are Guernseys. 

Save for the first twenty-four-hour period, the use of the citrate and 
phosphate diluents gave comparable results until the fifth day when the 
citrate gave slightly better results. However, this latter difference was not 
significant, nor were any of the other differences between the results obtained 
with the yolk-citrate and yolk-phosphate diluents significant when analysed 
with chi-square in a two by two table. Furthermore, when the values for 
all of the time intervals were totalled, the numbers of services required per 
conception with the semen preserved in the two diluents were practically 
identical. As far as these fertility studies go they tend to bear out the 
results of the storage studies which showed no significant differences until 
the sixth day and after. If the fertility studies had been extended over a 
longer period of storage the superiority of the citrate diluent which was 
indicated from the results of inseminations during the fifth day might have 
been established as real. 


SUMMARY 


1. An M/15 solution of sodium citrate mixed in equal amounts with fresh 
egg yolk produced a diluent which dispersed the fat globules and other 
material in the yolk so that when semen was diluted with it the individual 
spermatozoa could be readily seen upon microscopic examination. 

2. The yolk-citrate diluent and the yolk-phosphate diluent were ap- 
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parently equal as preservatives of the motility of spermatozoa which were 
stored in them under standard conditions for two and four days. 

3. The yolk-citrate diluent was superior to the yolk-phosphate diluent 
for the preservation of motility when semen was stored six days or more. 

4. In actual insemination tests with semen stored up to 5 days no 
significant difference in fertility was found between the semen stored in 
the yolk-citrate and the yolk-phosphate diluents. 

5. The results of the fertility studies tend to bear out the results of 
laboratory storage studies on the maintenance of motility under standard 
conditions. 
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THE BACTERIOLOGY OF BULL SEMEN 


I. C. GUNSALUS, G. W. SALISBURY, anv E, L. WILLETT 


Laboratory of Bacteriology and Department of Animal Husbandry, 
Cornell University, Ithaca, New York 


Practically all workers in the rapidly expanding field of artificial insemi- 
nation stress the necessity of bacteriological control. It therefore seems 
desirable to know definitely what measure of bacteriological control is neces- 
sary or desirable in the collection, handling, and storage of semen. In 
addition, information on the types and numbers of bacteria present under 
varying conditions of collection and storage and their possible relation to 
infection in the female genital tract would be useful. Attention was earlier 
called to these facts by Salisbury, Willett and Gunsalus (14). 

Most of the available information on the bacteria of the reprodue- 
tive tract or semen of bulls deals either with the incidence and spread of 
disease, such as Bang’s disease, or with possible causes of sterility of bulls 
with poor breeding records. Little attention has been given to the subject 
in relation to the preservation of semen and to artificial insemination. 

Various methods have been used to obtain semen for bacteriological 
study. Webster (17), Gilman (4), and Williams and Kingsbury (19) re- 
covered semen from the vaginas of cows immediately after normal service. 
The vaginas and sheaths having previously been douched and disinfected as 
suggested by Williams. Gilman, and Williams and Kingsbury reported 
finding micrococci, hemolytic and non-hemolytic streptococci, coliform 
organisms and Brucella abortus. They concluded that the genital tract and 
semen of normal bulls contained few, if any, bacteria, but that sterile bulls 
or those of diminished fertility usually contained large numbers. Webster 
reported that on culture normal semen yielded diphtheroids and micrococci, 
while bulls from herds in which enzootic sterility was present produced 
semen which contained, in addition, many alpha hemolytic streptococci. As 
suggested by Gilman, bacteriological studies on semen obtained by this tech- 
nique are not entirely satisfactory due to possible contamination from the 
vagina. 

Gilman (3) also studied the genital tracts of bulls shortly after slaughter 
and reported the presence of Pseudomonas pyocyaneus and unidentified rods 
in addition to the micrococci, streptococci, and coliform organisms. His 
findings also indicated that the genital tracts of normal healthy bulls were 
either free from bacteria or contained very low numbers, whereas impotent 
bulls harbored large numbers of organisms which were undoubtedly ejacu- 
lated with the semen. Gilman considered infection to be the greatest single 
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cause of functional and anatomical changes resulting in varying degrees of 
impotency. 

Hatziolos (7) collected semen by use of the artificial vagina and at- 
tempted to obtain the semen as free from bacterial contamination as pos- 
sible. The bacteria, which he found in every ejaculate, consisted mainly of 
coliform organisms, the proteus, and pseudomonas groups, coeci and spore 
forming rods. 

That these types of bacteria can be responsible for metritis, cervicitis, 
sterility, or abortion in cows has been indicated by the observations of Lucet 
(9), Rosenow and Davis (12), Beaver, Boyd, and Fitch (1), Udall, Cush- 
ing and Fincher (16), and others. 

Semen is a rather good medium for the growth of bacteria. Probably 
the first to report such an observation was Spallanzani (15) who in 1785 
observed that the sperm from the terrestrial fetid toad soon became putrid. 
He attributed the diminishment of fertility of the sperm during storage to 
this putrefaction. Roemmele (11) noticed bacteria in semen stored at room 
temperature and at 9° C., and attributed the death of the sperm to the 
accumulation of the metabolic products of the bacteria. Hammond (6) 
observed bacterial growth in samples stored at 10° C., but found no greater 
incidence of infection in female rabbits inseminated with semen in which 
large numbers of bacteria had developed than with samples where fewer 
organism had grown due to a lower storage temperature. Krzyszkowsky 
and Pawlow (8) also mentioned that bacteria grew rapidly in semen, 
especially a small motile bacillus which formed a blue-green pigment (prob- 
ably Pseudomonas pyocyaneus), though no definite data could be found to 
indicate whether bacteria have a direct detrimental effect on spermatozoa. 
Krzyszkowsky and Pawlow (8) thought that the products of metabolism of 
bacteria influenced the spermatozoon life. Gunn (5) on the other hand 
could detect no influence of bacteria on the survival of spermatozoa stored 
at low temperatures, (4° C.). 

METHODS 


The semen used in these studies was collected with the new-type artificial 
vagina (Salisbury and Willett (13)). The rubber liner of this device was 
sterilized by flushing with aleohol and drying before use. All glassware 
with which the semen came in contact was sterilized with dry heat. The 
mineral oil, petrolatum used as a lubricant, Milovanov’s (10) SGC-2 
diluent and phosphate buffers were sterilized by autoclaving. 

The numbers of bacteria were determined by plate counts on blood agar 
containing 2 per cent sterile defibrinated horse blood. All plates were 
incubated 4 days at 37° C. This incubation period was selected in order 
to facilitate counting when slow growing diphtheroid organisms were pres- 
ent. The relative numbers of coliform bacteria were determined by serial 
dilutions in Durham tubes of glucose broth. 
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EXPERIMENTAL 


Numbers and Predominating Types of Bacteria. The semen used in 
these studies was obtained from bulls in the University dairy herd and from 
bulls in the Central New York Artificial Breeders’ Cooperative at Syracuse. 
The bulls at the University were used in the breeding program of the herd 
more or less frequently and bred the cows naturally. Since these bulls had 
access to exercise lots which often were muddy, their underlines and sheaths 
were frequently dirty. Unless the bulls at Syracuse had been brought into 
the herd only a short time before the samples were obtained they had not 
bred cows naturally for considerable periods of time, unless they had acci- 
dentally bred a cow in the breeding rack while the artificial vagina was 
being used. In addition, they were confined to stalls during the major 
portion of the day and were out-of-doors only while being exercised on a 
mechanical exerciser. As a result these bulls were clean about the underline 
and sheath. 

TABLE 1 


Number and kinds of bacteria found in fresh bull semen 


| Bacteria per ce. of 
Bull | — ad thousands) Predominating kinds 
| Average Range 
1 1 650 Pseudomonas, FE. coli 
2 2 7 1- 138 | Diphtheroids 
4 1 20 oi 
6 1 15 . | Diphtheroids 
7 2 2 1- 2 | se , Staphylococci 
8 1 750 | Pseudomonas, E. coli 
9 1 30 | Diphtheroids 
21 1 90 , Bacilli 
22 2 6 1- 12 ae 
23 1 | 
24 1 4,300 . | Diphtheroids, Pseudomonas, LE. coli 
26 1 50 , Staphylococci, E. coli 
D 5 1,270 13— 4,900 | tg 
E (1939) 6 4,600 290-—22,000 seg » (some hemolytic) 
E (1940) 6 230 | 10- 750 - , Pseudomonas 
F 2 120 | 5- 230 
H 4 6,500 | 10-20,000 | Diphtheroids 
I 2 260 | 130- 390 aa 
J 1 1 ss Pseudomonas 
K 2 720 | 690- 750 


The data in table 1 indicate the numbers and predominating kinds of 
bacteria found in fresh ejaculates when no precautions were taken in clean- 
ing the underline or sheath of the bulls prior to collection. Of the 12 bulls 
in the artificial breeding herd (represented by numbers in table 1), two- 
thirds gave plate counts of fifty thousand bacteria per ec. or less and only 
3 gave plate counts of over one hundred thousand. One of these (number 
24), which gave semen with over four million bacteria per ce., had not been 
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used previously for over three weeks, having just been added to the herd 
and not as yet put into use. All the other bulls had been used an average 
of once to twice per week before the samples were taken for examination. 
The other two samples with extremely high counts (numbers 1 and 8) econ- 
tained large numbers of coliform and pseudomonas organisms as did number 
24. All three of these bulls have since been removed from use in the artificial 
breeding circuits. None of the other samples contained as many as 100 
coliform organisms per cc. The average of the logarithms of the plate 
count of these 15 samples was 22 thousand bacteria per cc. Of 28 semen 
samples from 7 bulls in the University herd (represented by letters in table 
1), the majority contained from 100 thousand to several million bacteria per 
ce. Only four samples contained as few as ten thousand bacteria per ec. 
The average of the logarithms of the bacteria in the individual samples 
was 225 thousand per ec. whereas the arithmetic average of the counts was 
2.3 millions. In comparison with the bulls in the artificial breeding circuit, 
these bulls produced semen containing 10 to 50 times as many bacteria. 
Whether this is due to frequency and kind of service (natural and artificial 
vagina) or other factors is not elucidated in this study. 

The types of bacteria reported in these samples are only those which 
occurred in large numbers and not all types present. All the types reported 
by other workers as frequently found in semen have been found with the 
exception of streptococci. The organisms occurring most regularly in large 
numbers were diphtheroids. Hemolytic diphtheroid organisms were iso- 
lated from one bull (E) when one series of samples was taken, but they were 
not found a year later when a second series of samples were studied, 

The number of bacteria present in these samples was higher than would 
have been expected from the reports of a number of workers who considered 
that semen from normal healthy bulls is almost free from bacteria. 
Pseudomonas pyocyaneus was isolated from five of the nineteen bulls 
studied. In this connection it should be noted that three of the four bulls 
dropped from breeding operation of the Central New York Artificial 
Breeders’ Cooperative within the last six months were among the five in the 
semen of which pseudomonas organisms were present in large numbers. Of 
the other two bulls, one has since become sterile and the other has a record 
of 12.1 per cent conception from 91 inseminations by artificial breeding. 
Gilman (3) considered these organisms as among those of importance 
in genital infections. 

Effect of Cleaning the Bull. In order to determine whether it would be 
possible to reduce the number of bacteria in semen collected with the arti- 
ficial vagina, two bulls were cleaned, to the extent of thoroughly washing the 
underline with soap and water, clipping the hair from about the prepuce, 
and flushing the sheath with sterile distilled water. When bull (D) was 
treated in the above manner on alternate weeks, the first sample being col- 
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lected without cleaning the bull, the counts were as follows: 490, 3, 32, 3 in 
thousands. The reduction in count by the first cleaning was over a hundred 
fold and in the second case 10 fold, the count not having reached as high 
a value one week after cleaning as before any treatment. A second bull 
(1) which gave semen with a lower count without cleaning than D, did 
not show as great response to cleaning, the counts on consecutive weeks 
being 13, 1, 39, 6 in thousands. The bull was cleaned before the second 
and fourth collection. Here the reduction was about 10 fold, the counts 
being reduced to about the same number as those obtained when bull D was 
cleaned. 

Preparation of Yolk-phosphate Diluent. It was found during the early 
course of the experiment that aseptic methods must be practiced in 
order to produce a yolk-phosphate diluent without undue contamination. 
To produce such a diluent, fresh eggs were obtained from a pullorum-free 
flock and immersed in normal NaOH or 70 per cent alcohol to sterilize the 
shell (Bryant and Sharp (2)). The eggs were then broken and the yolk 
removed, using sterile glassware, and mixed with sterile buffer. By using 
these precautions volk-phosphate diluents with very low bacterial counts, 
could be consistently produced. Thus, of 21 samples of diluent so prepared, 
17 had counts between 0 and 15 bacteria per cc., 2 of 150 and 200, and 2 had 
counts of 1,000,000 and 7,000,000. The last two samples mentioned may 
have been contaminated by the equipment or the buffer, for immediately 
after they occurred all the material was sterilized with the result that 12 
consecutive samples were prepared during the following month with no count 
over 200. Four samples prepared with unsterilized buffer had counts 
ranging from 600,000 to 4,000,000, and two samples prepared with yolk from 
store eggs without sterilizing the shell or the buffer had counts of 24,000,000 
and 166,000,000. As will be shown below, semen-yolk-phosphate mixtures 
containing such large numbers before storage often had counts in the bil- 
lions after storage for several days. The yolk-phosphate diluent may be the 
important source of large numbers of bacteria in stored semen samples if care 
in preparation is not exercised. 

Growth of Bacteria in Semen During Storage. The following studies 
were performed to investigate the growth of bacteria in undiluted or diluted 
semen during storage. 

In one experiment 4 ejaculates were each divided into 3 parts and stored 
undiluted, in SGC-2 diluent and in yolk-phosphate diluent at 5° C. and 10° 
C. Samples from each treatment were examined after 4 and 8 days of 
storage. The data are summarized in table 2. It can be seen that the yolk- 
phosphate diluent was an excellent medium for bacterial growth as evidenced 
by the high count after storage for 8 days at 10° C. The bacteria grew least 
rapidly in the undiluted semen. As would be expected, there was consider- 
ably more bacterial growth at 10° C. than at 5° C. In facet, at the lower tem- 
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TABLE 2 


Effect of storage temperature and diluent on bacterial growth (averages 
from 4 ejaculates) 


Bacteria per ce. in thousands after storage 


Treatment 5° C. 10° 
0 days 4 days 8 days 4 days 8 days 
Undiluted 190 420 400 430 740 
Yolk-phosphate 200 250 520 600 12,000 
SGC-2 100 130 80 310 2,600 


perature there was not enough bacterial growth to effect changes in the 
medium. Therefore 5° C. or lower is preferable as a storage temperature 
in order to hold the bacterial growth to a minimum, especially since it has 
been shown by Willett (18) that storage at 5° C. preserves the viability of 
the sperm longer than higher storage temperatures. 

During the course of Willett’s study on the preservation of semen, other 
observations were made in regard to the growth of bacteria in semen-yolk- 
phosphate mixtures stored under different conditions. A comparison was 
made to determine if covering the diluted semen samples with a layer of 
mineral oil would reduce the growth of bacteria when they were stored for 
4 and 8 days as had been indicated by certain preliminary observations. 
The data, from counts in 9 ejaculates, summarized in table 3 indicated that 
there was not enough difference between the two treatments to be of prac- 
tical importance. Also, during the course of these bacteriological investi- 
gations several ejaculates were stored in the yolk-phosphate diluent in which 
the buffer was not sterilized. It was noted that the bacterial counts of such 
samples during storage reached numbers far exceeding those samples made 
with sterilized buffer. A summary of these counts is presented in table 3 
for comparison with the counts of other uncontaminated samples. Since 
some workers in the field of artificial insemination recommended tempera- 
tures lower than 5° C. for semen storage, samples for 7 ejaculates were 
stored at both 5° and 1° C., and the bacterial counts compared after 4 and 
10 days of storage. It can be seen (table 3) that there was no appreciable 
difference in numbers of bacteria after storage at the two temperatures. 

During these studies of bacterial growth during storage, observations 
of spermatozoon motility and pH measurements were also made concur- 
rently. The data show no definite relationship between the numbers of 
bacteria present and the motility of the spermatozoa or pH of the semen 
during storage. However, because we were largely successful in bacterio- 
logical control there were only a few samples in which enough bacteria 
developed to cause such changes. 

The bacteria from bedding, manure, soil, unsterilized glassware, etc., 
would inelude E. coli, bacilli, and staphylococci. These are the types which 
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ean be eliminated or materially reduced in number by the methods out- 
lined above, and are the types which grow readily at storage temperatures. 
Therefore, if contamination by these types can be prevented, little bac- 
terial growth will take place in the semen or semen-yolk-phosphate mixture 
during storage. On the other hand, it appears that the diphtheroids are 
always present in semen in variable numbers no matter what precautions 
are taken. However, this type does not grow at the usual low storage 
temperatures, and therefore, does not become numerous during long storage. 
In a number of samples pseudomonas organisms were present in large num- 
bers. Since they grow at low temperatures, one would not be able to 
eliminate growth of these bacteria by using such temperatures. 

Germicidal Action of Semen. In the storage experiments above reported 
it was observed that the number of bacteria decreased during storage in 
some eases. The question arose as to whether semen had a bactericidal 
action. Several experiments were performed to see if a bacteriacidal effect 
could be demonstrated at storage temperatures. 

Semen from each ejaculate was divided into two parts. Qne part 
of the semen was stored untreated, while the other was inoculated with 
a culture of Escherichia coli. SGC-2 diluent inoculated with EZ. coli served 
asacontrol. The samples were stored between 5° and 7° C. without mineral 
oil in 25 ec. test tubes plugged with cotton. At the start of the storage 
period the counts were made every one-half or one hour, but the intervals 
were lengthened with the progress of the storage period. In three studies 
thus made at these low temperatures, there was no evidence of any germicidal 
action. 

During these experiments frequent observations of spermatozoon motil- 
ity were also made with rather startling results. It was found in all three 
experiments that the motility of the spermatozoa in the inoculated samples 
was markedly superior to those in the untreated semen when diluted and 
examined after storage. In one experiment a sample of semen was inocu- 
lated with coli killed by heating to compare with the other treatments. The 
spermatozoa in the sample showed no greater motility than the untreated 
semen. 


SUMMARY 


1. The bacterial count on 43 ejaculates collected from 19 bulls by means 
of an artificial vagina ranged from 1,000 to 22,000,000 per cc. 

2. It was found that by douching the sheath and washing the underline, 
if the bull was dirty, the number of bacteria in semen could be markedly 
reduced. 

3. Almost sterile yolk-phosphate diluent was consistently produced when 
fresh eggs from healthy hens were used and when aseptic methods were 
employed in the preparation of the diluent. Under other conditions the 
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diluent may be responsible for the addition of large numbers of bacteria to 
semen samples. 
4. Bacterial growth during storage was held at a minimum by storing 
at 5° C. or lower. 
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PSEUDOMONAS PUTREFACIENS IN DAIRY PLANT EQUIPMENT* 


H. F. LONG anp B. W. HAMMER 
Dept. Dairy Industry, Iowa State College, Ames 


In outbreaks of putrid butter the sources of the causative organisms un- 
doubtedly vary. Some outbreaks have been traced to water used to wash 
the butter or equipment (1, 3), while in other instances water has not been 
involved. Pseudomonas putrefacicns commonly is responsible for the putrid 
defect in salted butter (1, 2), at least in certain areas. It is sensitive to heat, 
being killed in 2 minutes at 61.7° C. (4), so that it probably never survives 
pasteurization. A source other than water which could contribute the 
organism to pasteurized cream or to butter is dairy plant equipment. 
Attempts to isolate Ps. putrefaciens from such equipment are reported 
herein. : 

METHODS 

Frequently, bacteriological examinations of dairy plant equipment have 
involved rinsing with sterile water and then culturing the water. In the 
ease of churns this is unsatisfactory because many organisms are between 
staves, at junctions of ends and staves, around bolts, ete., from which they 
are dislodged only when there is considerable strain on the churn, for 
example, when the butter breaks or when it is worked. In these locations 
the organisms are protected during the attempts to sterilize the churns, and 
their multiplication continues to supply organisms for the contamination of 
one lot of butter after another. Much the same situation probably exists 
with certain other equipment, especially leaky vats. 

In the isolation studies reported herein such materials as curd and wood 
from various points in the equipment were smeared directly, and also after 
enrichment in litmus milk at 3° C. for varying periods, on a special medium 
(4) consisting of : gelatin 4 per cent, proteose peptone 2 per cent, dipotassium 
phosphate 0.1 per cent, ferric ammonium citrate 0.05 per cent, agar 1.5 per 
cent and water to make 100.0 per cent. On this medium Ps. putrefaciens 
grows relatively well at 21° C. and gives colonies with a rather characteristic 
appearance. Colonies suggesting Ps. putrefaciens were purified and enough 
of the characters studied to determine whether the organisms belonged to 
this species. 


RESULTS 


In some instances Ps. putrefaciens was obtained from dairy plant equip- 
ment and in other instances isolation attempts failed. Examples of both 
successful and unsuccessful attempts are as follows: 
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Example 1. Ina plant making butter that kept satisfactorily in normal 
marketing channels, an occasional churning became putrid in 5 to 7 days in 
keeping quality tests at 21° C. Pasteurization of the cream appeared to be 
efficient, and the wash water was chlorinated. Materials were collected from 
various parts of two of the several churns in the plant by loosening the 
shelves, removing bolts, ete. 

With churn 1, Ps. putrefaciens was recovered by direct smears from 
between the end of a shelf and the iron cover plate and from wood near a 
bolt ; it was recovered by enrichment from three of four points near bolts; 
and it was not recovered from five points, including the buttermilk drain, 
around the sight glass, under a bolt head and on the brace (two points) 
under a shelf. With churn 2, the organism was recovered directly from 
the end of the shelf and from under the shelf but not from two other points 
near the shelf; enrichment did not detect additional positive samples. 

Microscopic examinations of the original material indicated that micro- 
cocci, gram-positive rods, gram-negative rods, yeasts and molds were present, 
often in large numbers; these general types of organisms also were evident 
on the plates. 

Example 2. Some months after the collection of the samples referred 
to in example 1, the spoilage of butter in the keeping quality tests no longer 
occurred in the plant. Because of its general condition it was necessary to 
replace an end in one of the churns and during the operation six samples 
were obtained from around bolts, under the sight glass and at the junction 
of shelves and ends. None of the samples yielded Ps. putrefaciens, either 
directly or by enrichment. All the plates were heavily overgrown with 
various microorganisms. 

Example 3. A coil vat in a milk plant was discarded because of leaks 
which permitted liquid to soak into the insulation. Within 24 hours of the 
last use of the vat, holes were cut through the outer wall and samples of 
the insulation collected. Near the leaks the insulation was soaked with 
water and had a very objectionable putrid odor, while at some distance from 
the leaks it was moist and the odor was somewhat putrid. 

Ps. putrefaciens was isolated by direct smears from four of the seven 
samples but was not obtained by enrichment from any of them. Three of 
the four positive samples were from portions of the insulation that were very 
wet, while one was from a portion that was only moist. 

After the insulation had dried rather completely over a period of 5 
weeks, eight additional samples were collected. Cultures of these, both 
without and with enrichment, failed to show Ps. putrefaciens, the plates 
being largely overgrown with aerobic spore-forming bacteria. 

Example 4. A churn barrel was taken out of a plant because the gen- 
eral condition, particularly of the roll, made repairs inadvisable. The plant 
had not experienced the putrid defect; however, the butter was consumed 
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quickly and keeping quality tests were not being run. Since the barrel was 
to be used for holding water it could not be dismantled and only the roll and 
one shelf were removed. Material was collected from one end of the roll, 
from one end of the shelf, from around the shelf support and from around 
bolt heads. 

Ps. putrefaciens was not detected on plates smeared with the different 
samples, either directly or after enrichment. However, the plates were 
heavily overgrown with various microorganisms, including micrococci, spore- 
forming bacteria, gram-negative rods, yeasts and molds. 

Example 5. A plant experiencing a serious outbreak of putrid butter 
quickly brought the difficulty under rather complete control as far as spoil- 
age in commercial channels was concerned. However, many churnings con- 
tinued to show spoilage after 5 or 6 days in keeping quality tests at 21° C. 
Various procedures, such as chlorination of the water, unusually high pas- 
teurization of the cream, etc., failed to prevent the spoilage in the keeping 
quality tests. The barrel of the older of the two churns in the plant was 
replaced and about 15 inches of one end of the barrel was cut off and sent 
to the laboratory. Over a period of several days, 67 samples were collected 
from various parts of the end which was completely broken up in the process. 

Ps. putrefaciens was recovered directly from 13 of the samples; 8 of these 
were from points at the junction of staves and the end of the churn, 2 from 
between boards in the end of the churn, 2 from under the sight glass and 1 
from wood near a bolt. After enrichment the organism was obtained from 3 
additional samples, 2 being from points at the junction of staves and the 
end of the churn and 1 from between boards in the end of the churn. In 
some instances Ps. putrefaciens made up a rather large percentage of the 
colonies on the plates smeared directly with a sample. The flora of many 
of the plates also included micrococci, spore-forming bacteria, gram-negative 
rods and occasionally some yeasts and molds. 


DISCUSSION 


The isolation of Ps. putrefaciens from various points in churns and from 
the insulation of a leaky vat indicates that equipment may be a source of the 
organism in dairy products. Evidently Ps. putrefaciens survives the clean- 
ing and heating of equipment due to protection afforded in crevices, cracks 
and joints. The churns from which Ps. putrefaciens was isolated were 
reported to have received thorough and regular cleaning. 

The fact that plates smeared with material from churns not yielding Ps. 
putrefaciens often were heavily seeded with other species, many of which 
were not heat resistant, is additional evidence that conditions in certain 
churns may be favorable for Ps. putrefaciens. It also suggests that equip- 
ment may yield other organisms capable of causing flefects in dairy products. 

The flora of certain plates smeared with material from churns definitely 
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resembled the flora of plates prepared from putrid butter. Such plates, 
regardless of whether or not Ps. putrefaciens is present, usually contain 
micrococci, spore-forming bacteria, gram-negative rods and often yeasts and 
molds. This suggests that with defective and highly contaminated butter 
much of the contamination may originate in the churn. 


SUMMARY 


Ps. putrefaciens was isolated from churns and from the insulation of a 
leaky vat. At certain points the organism was present in considerable num- 
bers. In addition to Ps. putrefaciens, micrococci, spore-forming bacteria, 
gram-negative rods and often yeasts and molds were present. 
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OXIDIZED FLAVOR IN MILK. IX. THE EFFECT OF THE 
QUALITY OF HAY AND EARLY STAGE OF LACTATION 
ON THE CAROTENE CONTENT OF BUTTERFAT AND 
ON THE ASCORBIC ACID CONTENT OF THE MILK 
AND THEIR RELATIONSHIP TO THE DE- 
VELOPMENT OF METAL-INDUCED 
OXIDIZED FLAVOR* 


W. CARSON BROWN,! A. H. VANLANDINGHAM2? anp CHAS, E. WEAKLEY, JR 
West Virginia Agricultural Experiment Station, Morgantown 


One of the earliest workers to report a seasonal variation in oxidized 
flavor was Mattick (11) who in 1927 reported that oiliness in milk appeared 
in autumn, winter and spring, but never in the summer. Kende (10) recog- 
nized this fact and as a result of his work concluded that green feed contained 
some substance or substances which when fed to the cow protected the milk 
against the off-flavor. Since that time numerous workers have observed the 
difference in the susceptibility of winter and summer milk to oxidized flavor. 
Stebnitz and Sommer (15) found that when cows received grass as part of 
their ration, the butterfat became less saturated and more susceptible to 
oxidation. However, it appeared that protective substances in the milk 
prevented the development of oxidized flavor. Likewise, it is generally 
agreed that green feeds yield a more stable flavored milk as compared to milk 
produced on dry feed. 

The nature of these inhibiting substances carried in green feed has been 
the object of extensive investigations. Anderson and co-workers (1, 2) 
were some of the earliest investigators to show the effect of carotene on the 
milk flavor. Their work showed that carrots or machine-cured alfalfa fed 
to cows would eliminate oxidized flavor in their milk. This they correlated 
with the carotene content of the feed. Anderson, Hardenbergh and Wilson 
(2) obtained far more effective results in the elimination of oxidized flavor 
by feeding 8 pounds of carrots in the daily ration than by feeding a cod-liver 
oil concentrate containing 500,000 U.S.P. units of vitamin A. Whitnah and 
co-workers (17, 18) and Beck, Whitnah, and Martin (4) report that a caro- 
tene supplement quickly corrected the tendency for oxidized flavor to develop 
spontaneously. In addition they found oxidized flavor more prevalent in 
milks that were below the breed average in fat color intensity. There were, 
however, samples low in color which did not develop oxidized flavor. Like- 
wise, it was noted that the color of the fat was not increased for some time 
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after the flavor was improved. These workers (18) report that low-carotene 
intake levels were not the only factor determining the tendency for milk to 
develop oxidized flavor as shown by the fact that the five lowest carotene 
intakes per kilogram of body weight among cows producing milk that kept 
a good flavor were below the three highest intakes among these cows pro- 
ducing milks which developed oxidized flavor. 

Brown, Vanlandingham, and Weakley (6) found that a carotene supple- 
ment added to the ration rendered the milk less susceptible to metal-induced 
oxidized flavor. Likewise, the supplementing of a low-carotene ration with 
ascorbic acid produced similar results. Garrett, Tucker, and Button (9) 
found a positive correlation between color and flavor and between ascorbic 
acid and flavor. They coneluded that high carotene and high ascorbic acid 
are coincidental to and help to preserve good flavor in milk. Garrett, 
Arnold, and Hartman (7) reported that alfalfa silage is almost equal to 
spring pasture in putting yellow color into milk and is equal to or better 
than pasture in producing milk of fine flavor and high resistance toward the 
development of oxidized flavor. 

Brown, Thurston, and Dustman (5) found that feeding of one quart per 
animal per day of either tomato or lemon juice to cows on dry feed reduced 
the susceptibility of the milk to oxidized flavor. They attributed this effect 
to ascorbie acid in the feed and observed a similar tendency when pure 
crystalline ascorbic acid was fed at the rate of 4 gram daily. Nelson and 
Dahle (12) added orange and tomato juice directly to the milk and observed 
a slightly greater protective effect than could be accounted for on the basis 
of their aseorbie acid values. 

Garrett, Tucker, and Button (9) obtained information based on the 
average flavor scores which showed that for a decrease in ascorbic acid there 
was also a corresponding decrease in flavor score. The apparent critical 
point of the relationship of ascorbic acid to good flavor was found to lie 
between 15 and 18 mg. of ascorbic acid per liter of milk. Garrett, Arnold, 
and Hartman (7) reported that feeding grass silage had a greater stabilizing 
effect on ascorbic acid in milk than corn silage or beet pulp. This stabilizing 
effect tended toward milk of better flavor. 

It has been shown that feeding carrots or machine-cured alfalfa hay will 
render milk non-susceptible to oxidized flavor and that both carotene and 
ascorbie acid in the feed play a role in the susceptibility of the milk to the 
flavor. Since the carotene in the butterfat is affected by the carotene in 
the feed, and since good quality hay is known to contain relatively large 
amounts of carotene, it appears that there should be a relationship between 
the quality of hay and the susceptibility of the milk to oxidized flavor. 
Since many producers who have difficulty with oxidized flavor purchase hay, 
it seemed desirable to know if the feeding of very high quality alfalfa hay 
would render the milk non-susceptible to metal-induced oxidized flavor. 
Accordingly, the following experiment was planned and conducted. 
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EXPERIMENTAL 

For use in this experiment, eight Jersey cows, whose milks were sus- 
ceptible to oxidized flavor when contaminated with copper, were selected and 
placed on a ration low in carotene. The feed consisted of a grain mixture 
of 100 lb. ground oats, 100 lb. wheat bran, 15 Ib. cottonseed meal, 3 Ib. salt, 
and 2 lb. of steamed bone meal, with different quality alfalfa hay and beet 
pulp as the roughage. 

Three quarts of milk were collected from each cow at the morning milk- 
ing on the first three consecutive days each week, and carotene, ascorbic acid, 
and flavor determinations were made. The ascorbic acid was determined 
on the individual samples of raw milk, as soon as possible after milking, by 
titrating as suggested by Sharp (16). The remaining milk was pasteurized 
in bottles. Following pasteurization and cooling, four one-half pint samples 
were prepared containing none, 0.5, 1.0. and 1.5 parts per million, respec- 
tively, of copper from a copper sulphate solution. These samples were then 
stored in ice water for three days, after which they were scored for flavor by 
at least three judges familiar with oxidized flavor. The remainder of the 
milk was prepared for carotene analysis by gravity separation of the cream 
followed by churning. Before churning, the cream from each of the three 
days was composited so as to make one churning and one analysis for caro- 
tene per cow per week. The butter thus obtained was melted and centri- 
fugalized in Hart’s casein tubes in an electrically heated centrifuge for 15 
minutes, after which the clear, liquid butter oil was decanted into a clean, 
dry jar. The carotene analyses were made according to the method of 
Baumann and Steenbok (3) modified by Rogers and associates (14). 
After a 5}-week preliminary period on the regular herd ration the animals 
were changed to the experimental depletion ration for a period of four 
weeks. This ration consisted of the grain mixture already described, and 
eight pounds of brown alfalfa hay which still retained its leaves, together 
with 12 pounds of dry beet pulp. 

At the end of the depletion period the animals were divided into 2 groups 
which were approximately equal in intensity of oxidized flavor. One group 
was continued on the brown hay roughage while the other group was changed 
to bright green, leafy, alfalfa hay. The hay given both groups was increased 
from 8 to 12 pounds per animal per day. Special care was taken to select 
hay of equal leafiness in both types of hay. The brown hay had an average 
carotene content of 5.8 mg. of carotene per kilogram whereas the green hay 
had an average carotene content of 43.0 mg. of carotene per kilogram. 
After two weeks on this ration the cows that were receiving the bright green 
hay were given hay ad lib. for three weeks and then were supplemented with 
2 pounds of alfalfa leaf meal (carotene content 4.9 mg. of carotene per kilo- 
gram) daily. The purpose of this supplement was to increase the amount 
of alfalfa and carotene in the ration. Unfortunately, the amount of caro- 
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tene in the leaf meal was lower than expected and therefore the carotene 
supplement was not as great as was intended. However, there was a marked 
reduction in the intensity of the oxidized flavor of the milk. 

After the three-week period in which the cows received leaf meal supple- 
ment, there was a readjustment period of three weeks followed by pasture 
for one week, after which time the experiment was discontinued. The cows 
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Fic. 1. The relationship between carotene and metal-induced oxidized flavor in the 
milk produced by cows on bright, green, alfalfa hay. 


that received the brown hay were continued on the same basis except that 
they received no alfalfa leaf meal supplement. These animals were on pas- 
ture one week before the experiment was discontinued. The results of this 
experiment are shown graphically in figures 1 and 2. Figure 1 gives the 
average of the results obtained with the group on bright green hay while 
figure 2 gives the average results obtained on brown hay during the same 
periods. 
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Fic. 2. The relationship between carotene and metal-induced oxidized flavor in milk 
produced by cows on a low-carotene ration receiving brown hay. 
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The results shown in figure 1 indicate that there may be a relationship 
between the carotene in the butterfat and the intensity of oxidized flavor 
developed, but this relationship is not very clear. During the first nine 
weeks there was a great reduction in the carotene of the butterfat, but there 
was no significant increase in the susceptibility of the milk to oxidized flavor. 
When the ration was supplemented with alfalfa leaf meal even though 
relatively low in carotene per se, there was an increase in the carotene of 
the butterfat and a corresponding decrease in the intensity of the oxidized 
flavor until it was almost eliminated. It may be observed, however, that the 
carotene in the butterfat, during the period when the ration was supple- 
mented with alfalfa meal and practically devoid of oxidized flavor, was not 
as high as at the beginning of the experiment, when the oxidized flavor was 
relatively strong. 

Figure 2 shows the relationship between the carotene content of the fat 
and the intensity of oxidized flavor of milk produced on brown hay. Here 
there seems to be an absolute lack of relationship, since the carotene content 
of the milk was greatly reduced and maintained at a low level for some time. 
It might be expected that the intensity of the oxidized flavor would be in- 
creased and that possibly some spontaneous oxidized flavor development 
might occur. However, examination of the data reveals that, contrary to 
the expected results, we find if anything a slight reduction in the intensity 
of the oxidized flavor developed. 

There was no apparent relationship between the ascorbic acid content of 
the milk and the susceptibility of the milk as influenced by the quality of hay. 


STAGE OF LACTATION 


While the experiment on the quality of hay was in progress it was noticed 
that certain animals which had recently calved were producing milk rela- 
tively high in carotene but nevertheless with a strong oxidized flavor. It 
was decided to study the effect of early stage of lactation on the development 
of this flavor. Accordingly, samples were taken from nineteen cows which 
had just freshened on the herd ration. Carotene, ascorbic acid, and metal- 
induced oxidized flavor development in their milks were studied. All deter- 
minations were made in the same manner as in the previous experiment. 
The results obtained from the 19 cows studied are shown in figure 3. Exami- 
nation of these data reveals that there was a marked decrease in the carotene 
of the butterfat for the first three weeks of lactation, after which it remained 
fairly constant for the next eight weeks. The intensity of the oxidized flavor 
developed followed a very similar curve and almost paralleled the carotene 
curve. In contrast to the results of Rasmussen et al. (13), it was found that 
the ascorbic acid content at the beginning of lactation was unusually low and 
increased gradually until it reached a maximum level at about eight weeks 
following parturition. These results verify the work of Whitnah end Rid- 
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dell (19), who found an average increase of 10 per cent in vitamin C concen- 
tration from the first to the second month of lactation. In this experiment 
there appeared to be an inverse relationship between the amount of ascorbic 
acid in the milk and the intensity of the metal-induced oxidized flavor. 
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Fig. 3. The relationship between the carotene content of the butterfat, the ascorbic 
acid content of the milk, and the intensity of metal-induced oxidized flavor, as shown dur- 
ing the early stages of lactation. 


Since there was no apparent relationship between the ascorbic acid con- 
tent of the milk and the intensity of the oxidized flavor depending upon the 
quality of the hay, it was decided to arrange all values obtained in groups 
based on the intensity of the oxidized flavor. Figure 4 shows the relation- 
ship of ascorbic acid to intensity of oxidized flavor as shown by 580 observa- 
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Fig. 4. The relationship between the ascorbic acid content of the milk and the in- 
tensity of metal-induced oxidized flavor. 
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tions. The broken line is the ‘‘line of least squares’’ as caleulated from the 
individual observations. Although the slant of the line is not steep it 
appears that there is a tendency for milk which develops a strong degree of 
oxidized flavor to have a lower original ascorbic acid content. This com- 
pares favorably with results in the literature previously mentioned (9). 
Carotene likewise has been claimed to be a major factor in the susceptibil- 
ity of milk to oxidized flavor. It seemed desirable to plot the carotene con- 
tent against the intensity of the oxidized flavor in the same manner. The 
results of this study are shown in figure 5 which represents the data from 
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Fie. 5. The relationship between the carotene content of the butterfat of herd milk 
and the intensity of metal-induced oxidized flavor. 


555 observations. The line of least squares as plotted through these data 
reveals the lack of relationship between the two variables. Since it is com- 
mon knowledge that there are breed differences in the ability of cows to 
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Fig. 6. The relationship between the carotene content of the butterfat of Ayrshire 
milk and the intensity of metal-induced oxidized flavor. 
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transfer carotene to the milk it was thought that this might have obscured 
any relationship which might have existed. Accordingly the breeds were 
divided into separate groups and plotted separately. These results are 
shown in figures 6, 7, and 8. 
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Fic. 7. The relationship between the carotene content of the butterfat of Holstein 
milk and the intensity of metal-induced oxidized flavor. 


Figure 6 gives the results obtained for 6 Ayrshire cows with a total of 
121 observations. The line of least squares shows, if anything, a direct 
relationship between the intensity of the oxidized flavor and the carotene 
eontent of the milk. However, in figure 7, the data obtained from 8 Holstein 
cows with 132 observations give a line of least squares slanting strongly in 
the opposite direction, indicating an inverse relationship between carotene 
and oxidized flavor. Figure 8, which represents 14 Jersey cows with 302 
observations, is just about a median line between the two extremes. In a 
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random distribution we would expect as many observations on one side as 
on the other of a horizontal line. This is the condition which exists in these 
data, indicating the lack of relationship between the carotene content of the 
milk produced on dry feed and the intensity of the metal-induced oxidized 
flavor. 

Since all these observations were made from cows on dry feed, it is 
entirely possible that different results might be obtained from cows on 
pasture. 


DISCUSSION 


The results of the experiment on the quality of alfalfa hay fed to cows 
producing milk susceptible to oxidized flavor show that it is possible to 
reduce greatly or entirely eliminate the susceptibility of the milk to oxidized 
flavor development by feeding excellent quality alfalfa hay. The feeding 
of brown, leafy alfalfa hay to cows caused an appreciable decrease of the 
amount of carotene in the milk but did net result in an increase in the 
intensity of the metal-induced oxidized flavor of the milk. A summarization 
of these data together with those obtained from a number of cows on a 
normal herd ration suggests that the carotene of the milk may not be the 
substance responsible for the reduction in the susceptibility of the milk to 
oxidized flavor but that some other substance or substances associated with 
it in bright green hay or alfalfa leaf meal may be the important factor or 
factors. 

Likewise, these data suggest that the ascorbic acid content of the milk 
may play a minor role in the susceptibility of the milk to oxidized flavor. 
The result of the study of nineteen cows from the time when their milk 
became ready for human consumption until they had been in production 
for three months suggests that the ascorbic acid content of the milk is low 
at the time of parturition and increases for a period of about seven or eight 
weeks after which it remains fairly constant for that particular animal. 
This increase apparently resulted in a slight decrease in the intensity of the 
oxidized flavor developed during the same period. 


SUMMARY AND CONCLUSIONS 
1. The feeding of high quality alfalfa hay together with alfalfa leaf meal 
greatly reduced or eliminated the tendeney for metal-induced oxidized flavor 
to develop. 
2. The feeding of brown, leafy alfalfa hay resulted in a decreased caro- 
tene content in the milk but did not increase the intensity of the oxidized 
flavor. 


3. The carotene content of the milk fat at the beginning of lactation 
appears to be high and decreases until it reaches a normal level a few weeks 
after parturition. 
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4. The ascorbic acid content of milk at the start of lactation is usually 
low and inereases gradually until it reaches a maximum level at about seven 
or eight weeks following parturition. 

5. From the results obtained it appears that ascorbic acid in the milk 
plays a minor role in the susceptibility of the milk to metal-induced oxidized 
flavor. 

6. The results of this study indicate that the amount of carotene in the 
butter fat may not be the substance responsible for the reduction in suseep- 
tibility of milk to oxidized flavor. It appears that some substance or sub- 
stances associated with it probably has a greater effect than the carotene 
itself. 
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A DOUBLE CHANGE-OVER DESIGN FOR DAIRY CATTLE 
FEEDING EXPERIMENTS* 


W. G. COCHRAN, K. M. AUTREY anp C. Y. CANNON 
lowa Agricultural Experiment Station, Ames, Iowa 


INTRODU CTION 


During the winter of 1939-40, a feeding trial was carried out by the lowa 
Agricultural Experiment Station with eighteen Holstein cows, on three 
planes of feeding. The three rations tested, and hereinafter designated as 
A, B and C, respectively, were as follows: 

A. Roughage alone (alfaifa hay and corn silage). 

B. Limited grain (alfalfa hay, corn silage and grain fed at the rate of 1 

pound for each 7 pounds of milk produced ). 

C. Full grain (alfalfa hay, corn silage and grain fed at the rate of 1 

pound for each 3.5 pounds of milk produced ). 

The grain mixture consisted of the following constituents in parts by 
weight : corn, 4; oats, 4; cracked soybeans, 1; bone meal, 0.25; and salt, 0.15. 

The experiment was confined to a single lactation, and was of the short- 
time switch-over type, each cow receiving each ration for a period of six 
weeks. The layout of the experiment was designed so as to avoid as far as 
possible the difficulties that commonly arise in interpreting the results of 
switch-over trials, and to permit tests of significance of the differences be- 
tween the effects of the rations. It is hoped that a brief description of the 
layout and of the statistical analysis may be of interest to those engaged in 
dairy work. 

DESCRIPTION OF THE DESIGN 


In the ordinary group trial, where each cow receives only a single ration, 
the average milk-vield obtained for a given ration depends on the vielding 
ability of the cows receiving the ration. Since cows are highly variable in 
this respect, the experimental error from this source is often large, though 
it may be reduced by skillful grouping of the cows. The switch-over trial 
represents an attempt to eliminate this source of variation entirely from the 
comparisons between rations, by feeding every cow in turn on all rations. 
However, in designing switch-over trials, other sources of experimental error 
must be taken into account if the maximum gain in accuracy is to be realized. 
One arises from the characteristic drop in milk vields towards the end of the 
lactation period. Thus if a cow receives rations A, B and C in succession, 
her total milk vields under the three rations are scarcely comparable, since A 
was tested during the most productive period and C during the least. In 
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most switch-over trials whose results we have examined, this drop in yield is 
a preponderating factor, the vields falling even when the poorest ration is 


given first and the best ration last. 


This difficulty can be largely overcome by designing the experiment so 
that in any experimental period one-third of the cows are receiving each 


ration. For instance, one-third of the cows might receive the sec 


one-third the sequence BCA, and one-third the sequence CAB. 


arrangement the three experimental periods are equally repres 
average milk yield for any ration. 
curve are not eliminated entirely from the experimental error o 
ages unless the natural rate of fall in yield from period to perioc 
for the three groups of cows. 


thereafter dropping rapidly, whereas the other two sequences 
cows whose lactation curves have a much smaller rate of fall, 


favored relatively to B and C when the average yields over all three groups 
Thus the division of the available cows into three groups to 
receive the three sequences should not be made simply at random; instead, 
the object should be to obtain groups which are as similar as possible in the 


are calculated. 


rates of fall of their lactation curves. 
In the present experiment, the eighteen cows were first divi 


groups of three on the basis of expected yielding ability, the three cows 


The thr 
T 


within each group being chosen as similar as possible. 
were then allotted at random to the three cows of each group. 


was that cows with the same vielding ability would be likely to show a similar 


rate of fall in yields. This assumption appeared to be just 


results of the trial in which this grouping was used, the total rate of fall per 


group decreasing markedly from the high-yielding to the 
groups, as shown in table 1. 


The decreases in yield from period I to period II and from 


period III were almost twice as great for the high-vielding groups as for 


the low-yielding groups. 


TABLE 1 


Total yield and rate of fall in yield of fat-corrected milk 


Groups* of three cows 


2 | 4 le 5 
Total milk yield (Ibs). .... 14,351 | 14,168 | 12,735 11,391 
Decrease in yield (Ibs. ) 
Period I-II 868 | 889 | 385 | 521 
Period II-III 1,019 | 923 | 598 | 506 


* Group 3 omitted because one cow beeame sick and had to be rejected. 


However, the effects of the lactation 


For example, if the sequence ABC is given 
to a group of cows whose lactation curves show high yields in the first period, 


In this table, as in subsequent tables, all the 
milk yields were converted to four per cent, fat-correeted milk (2). 


quence ABC, 
With this 
ented in the 
f these aver- 


1 is the same 


are given to 
ration A is 


ded into six 


ee sequences 
he reasoning 


ified by the 


low-yielding 


period II to 


10,603 


472 
495 


= 
6 
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With this design, each group of three cows constitutes an independent 
experiment, of a type known as the 3 x 3 Latin square (fig. 1) (1). 


Cow 
Period 
1 2 3 
I A B Cc 
Il B Cc A 
Ill Cc A B 


Fie. 1. The 33 Latin Square Design (No. 1). 


A valid estimate of the experimental error may be obtained by an analysis 
of variance, as follows : 
Degrees of 


freedom 
Between cows 2 
Between periods 2 
Between rations 2 
Error 2 
Total 8 


Differences between cows and between periods are not included in the 
estimate of error, since by the nature of the design they are excluded from 
the true errors of the ration means. Each of the six groups provides a 
separate analysis of variance of the above type. On combining the six 
analyses, the following subdivision of degrees of freedom is obtained for the 
whole experiment : 

Degrees of 


freedom 
Between groups 5 
Between cows within groups 12 
Between periods within groups 12 
Between rations 2 
Interaction of rations and groups 10 
Error 12 
Total 53 


The 12 degrees of freedom for between cows, between periods and error 
are the totals of the corresponding terms in the individual groups. A simi- 
lar set of 12 degrees of freedom is obtained for between rations. This may 
be divided into two parts: 2 degrees of freedom representing the average 
differences between rations over the whole experiment, and 10 degrees of 
freedom representing variations from group to group in the differences 
between the rations. If the differences between the rations are the same in 
all groups (apart from experimental errors), the mean square for this term 
should be no larger than the error mean square, and may legitimately be 
included in the error. However, the term should be calculated separately 
to test this point, particularly where the groups differ widely in yielding 
ability or in other respects, e.g.. breed. The remaining 5 degrees of freedom. 
corresponding to differences between the group totals, are not included in 
the individual analyses, being given here for completeness. 
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For reasons to be explained later, three of the groups were assigned to 
the Latin square given above, and the remaining three to the complementary 


square as shown in figure 


method of analysis. 


Fig. 


ANALYSIS OF VARIANCE OF 


2. 
A BC 
c AB 
Bc A 


This feature introduces no change in the 


2. The 3x3 Latin Square (No. 2). 


THE TOTAL DIGESTIBLE NUTRIENT CONSU MPTION 


The consumption of digestible nutrients per cow for each period is given 
in table 2. Each of the groups in this table was analyzed separately and the 
degrees of freedom, as well as the sums of squares, were combined (table 3), 
according to the procedure previously described. 
omitted from table 2 due to the loss of one of the cows in it, thus causing a 
loss of nine degrees of freedom in the combined analysis. 


TABLE 2 


Individual total digestible nutrient consumption units 


Group 1 


Cow 


(total of six weeks) 


Period 
Period total 
I A 608 B 88 C 940 2433 A 527 
II B 715 C 1087 A 766 2568 Cc 9883 
III C 844 A 711 B_- 832 2387 B 785 
Total 2167 2683 2538 7388 2195 
Group 3 
Cow 
7 8 9 10 
This group omitted because cow No. 7 was A 472 
removed from the experiment in Period I, Cc 819 
owing to kidney cancer. B 778 
2069 
Group 5 
Period 
Period 
13 14 15 eas 16 
I A 586 B 635 C 805 2026 A 489 
B 799 =A 542 2064 730 
892 A 595 681 2168 B 674 
Total 2201 2029 2028 6258 1893 


A = roughage, B = limited grain, C = full grain. 


The data on group 3 were 


: lbs. per cow per period 


Group 2 


Cow 


Period 
total 
» 
B 696 C 989 2212 
A 635 B 899 2417 
Cc 901 A 657 2343 
2232 2545 6972 
Group 4 
Cow Period 
12 total 
B 734 C 897 2103 
A 644 OB 766 2229 
Cc 953 A 706 2437 
2331 2369 6769 
Group 6 
Cow Period 
17 18 total 
B 593 OC 788 1870 
A 536 B 695 1961 
Cc 758 <A 609 2041 
1887 2092 5872 
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TABLE 3 


Analysis of variance (3) of t.d.n. consumption units: total consumption per 
cow per period, in lbs. 


Degrees of Sums of Mean 
freedom squares squares 
4 157,936 39,4841 
2. Between cows within groups ......... 10 105,336 10,534+ 
3. Between periods within groups 10 40,534 4,053* 
4. Between rations 2 533,869 266.9341 
5. Ration x group interac 8) 12,021 1< 1,503 
6. Error 10 14,100 4 78121 1410 1451 
7. Total 44 863,796 


* Significant. 

+ Highly significant. 

Since the analysis of variance in table 3 shows the ‘‘ration x group inter- 
action”’ to be insignificant, this term was included in the experimental error. 
The mean square of the ration effects (266,948) is significantly greater than 
the error mean square (1450), signifying that the consumption of nutrients 
was appreciably increased by the addition of grain to the ration. The F-test 
(3) reveals that the differences between groups are also highly significant. 
the mean square for that term being 39,490 as compared with only 1450 for 
the error. This shows that the arrangement of cows into outcome groups 
was well justified. 

TABLE 4 


Digestible nutrient consumption-totals and means units: lbs. for six weeks periods 


Ration totals 


Rations > E Ration means Standard error 
(15 cows) 
A 9,083 605.5 
B 11,091 739.4 + 9.83 
Cc 13,085 872.3 


Grand total = 33,259 General mean = 739.1 

Table 4 shows the mean digestible nutrient consumption for each ration, 
and the standard error per cow. The standard error, \/1451 = 38.08 is 5.15 
per cent of the general mean, 739.1. The standard error for the mean of 15 
cows is 38.08/\/15 = 9.83 pounds, or only 1.38 per cent of the mean. The 
relative performance of the groups was in the order anticipated, all differ- 
ences between pairs of rations being highly significant. 


ADJUSTMENTS FOR CARRY-OVER EFFECTS 
In the case of total nutrient consumption the amount eaten in one 
period did not appear to be influenced by the ration given in the previous 
period. However, with other factors, particularly total milk vield, a carry- 
over effect of the ration given in the previous period may be anticipated. 
owing to the shortness of the change-over period from one ration to another. 
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If such residual effects are present, simple averages do not give unbiased 
estimates of the effects of the rations. For instance, with the layout shown 
in figure 1, ration A is preceded by ration C in both the second and third 
periods, and likewise B by A and C by B. If A is the poorest ration and 
C the best, the milk yields for ration A may be increased by the beneficial 
carry-over effect of C, while those for ration C may be depressed by the 
carry-over effect of A. In these circumstances, the simple averages would 
underestimate the differences between the direct effects of the rations. 
- Thus when carry-over effects are present, the average milk yields under 
i each ration must be adjusted in some way to avoid bias. These adjustments 
can clearly be made only if the design of the experiment enables us to esti- 
mate the sizes of the carry-over effects. This cannot be done with the design 
shown in figure 1, since each ration is always followed by the same ration. 
Thus, if this design is used for all six groups, no corrections for carry-over 
“e effects are possible, except perhaps by inspecting the daily yields, omitting 
from the results those parts of the experimental periods which appear to 
show carry-over effects. This method is at best somewhat arbitrary, and 
would be unsatisfactory if carry-over effects persisted through most of the 


succeeding periods. 
However, by using both the cycles shown in figures 1 and 2, a direct 
1 evaluation of the carry-over effects is possible. This may be seen by examin- 


ing the total milk vields for each of the six eveles, shown in table 5. 


TABLE 5 


a Total milk yields for cach of the six ration cycles 
a (Totals for 3 cows (18 weeks) in Ibs.) 


Sets* 
Period 
1 2 5 4 5 6 
=e | 4,383 B 5,370 C 5,720 A 4,427 B 4,675 Cc 5,236 

= B 4,057 4,980 A 4,208 Cc 4,535 A 3,637 B 4,420 

|) Cc 3.834 A 3,264 B 3,571 B 3,833 3,787 A 2,956 
Set totals 12,274 13,614 13,499 12,795 12,099 12,612 
Grand total 76,893 

, A = Roughage B = Limited grain C = Full grain 
Ration totals: 39 875 B = 25,926 28,092 


* To complete set 1, in which a cow was rejected, values were inserted for the missing 
cow by a method deseribed below. 

The results during the first period do not require adjustment, since all 
cows received the same preceding ration. In the second period, two sets of 
cows, 3 and 5, received roughage. Of these, set 3, having had full grain 
in the previous period, gave a total of 4208 lbs., while set 5, having had 
limited grain in the previous period, gave a total of 3637 lbs. The differ- 
ence, 571 Ibs., is an estimate of the difference between the carry-over effect 


4 
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of full grain and that of limited grain. Similarly, a comparison of the 
carry-over effects of full grain and roughage is obtained from sets 1 and 6 
in the second period, and a comparison between limited grain and roughage 
from sets 2 and 4. The same comparisons are repeated with the results in 
the third period. In all six comparisons, the carry-over effect was in the 
same direction as the direct effect (/.c., full grain > limited grain > rough- 
age), indicating strongly that real carry-over effects were present. 

We may now consider how to obtain estimates of the direct effects of the 
rations, free from the disturbance due to carry-over effects. This may be 
done in many ways. For instance, an unbiased comparison of the direct 
effects of roughage and limited grain in each period is given by the mean 
milk vields of the following groups of cows: 


Period Roughage Limited grain 
I Sets l and 4 Sets 2 and 5 
IT Set 3 Set 6 
Ill Set 2 Set 4 


Since sets 3 and 6 both had full grain in the first period, their yields in 
the second period, under roughage and limited grain respectively, are sub- 
ject to the same carry-over effect, and similarly for sets 2 and 4 in the third 
period. An estimate of the difference between the two rations for the whole 
experiment could be obtained by taking some simple average of the differ- 
ences in the individual periods. Such an estimate is, however, open to criti- 
cism on the grounds that only half of the available cows are used in the 
second and third periods. A further objection, probably more serious, is 
that the estimate would be partly a group comparison, since only the cows 
in sets 2 and 4 are common to both roughage and limited grain. The use 
of such an estimate would therefore defeat the purpose of the switch-over 
design, which is to avoid group comparisons. 

To retain the full advantage of the switch-over design, the estimate of 
the difference between the effects of two rations must clearly be unaffected 
by differences in the vielding ability of the cows or by differences between 
the average vields for different periods. The most accurate estimates, sub- 
ject to these restrictions, are given by a technique known as the method of 
least squares, which is frequently used for dealing with similar problems 
arising in field experiments. In this procedure, the observed milk yield for 
any cow in any period is expressed as a linear function of the effects of the 
cow’s yielding ability, the period, the current and previous rations, and the 
experimental error. For example, consider a cow receiving in succession 
limited grain, full grain and roughage. Its milk vields v,, vo, Vv, in the three 
periods are expressed as follows : 


Yi=M+p,+d,+e 
VYo=M + Po+ Ce 
Ys=M+ Ps + da + Cs 


944 W. G. COCHRAN, K. M. AUTREY, AND C. Y¥. CANNON 


where m = mean vield for the cow 
Pi, Pe, Ps = effects of the three periods 
d,, dy, d. = direct effects of the rations 
lp, Te = residual effects of the rations given in the previous period 
@;, @2, @; = experimental errors. 
No parameter is required to represent residual effects in the first period. 
The constants p;, Pe. Ps remain unchanged for all three cows in the same 
group, since only the group averages of the differences between periods are 
eliminated from the experimental errors. After setting up equations of this 
type for every cow, the constants are estimated by minimizing the sum of 
squares of the experimental errors. The details of the mathematical analysis 
will not be given here. To calculate the adjusted vields given by the least 
squares solution, the following quantities (Table 6) are required, all being 
easily obtainable from table 5. 

TABLE 6 


Data required for calculating the adjusted yields for each ration 


A 22,875 a 15,950 8. + Sq 26,226 
B 25,926 b 15,407 Ss + 9; 26,294 T 76,893 
Cc 28,092 € 15,725 8, + 8; 24,373 (2/3)T 51,262 


Here A, B, C are simply the total yields under the three rations, as given 
at the foot of table 5. The quantities a, b, ¢ are the total vields of all cows 
receiving these respective rations in the previous period. 

é.g., a=4057 - 3571 + 4535 + 3787 = 15,950, ete. 
Also = total of sets 2 and 6 = 13,614 + 12,612 = 26,226, Finally. 
we required two-thirds of the total of all yields in table 6 [ (#) T =51,262}. 
The adjusted mean yields per cow per period (total of six weeks) are then 
ziven by the following equations: 

Roughage 

72¥, = 5A + (2a-—b—-c) — T 
= 5 x 22.875 — (2 » 15,950 — 15,407 — 15,725) — 26,226 — 51.262 
= 90,107 


Hence Ff, = 1251.5 

Limited grain 

72y,, =5B + (2b-a-—c) s, (%)T = 103,801 giving ¥,, = 1441.7 

Full grain 

72y¥..=5C + (2e —a—b) +s, +s; = 113,664 giving v, = 1578.7 

The corresponding unadjusted mean vields per cow per period are the 
totals A, B and C, divided by 18 (the number of cows in each total). 

The adjustments reduced the mean yield under roughage by 19 lbs., and 
inereased the mean yield under full grain by about the same amount, these 

' Sets 2 and 6 received roughage during period III; Sets 3 and 4 received limited 
grain, and Sets 1 and 5 full grain. 
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TABLE 7 


Mean yields of fat corrected milk per cow per period of six weeks 


Unadjusted Adjusted for carry-over effects 

Ration over Increase over 
Mean Mean 
roughage roughage 

lbs. Ibs. % lbs. Ibs. % 

1440.3 + 169.5 + 13.3 1441.7 + 190.2 +15.2 

Cc 1560.7 + 289.9 + 22.8 1578.7 + 327.2 + 26.1 
Standard error+ 21.4 + 30.3 + 2.4 


effects being in the direction anticipated by the previous discussion. It is 
interesting to observe that the mean yield is practically unaltered for the 
cows receiving limited grain, for which the beneficial carry-over effect from 
full grain and the detrimental effect from roughage appeared to cancel. By 
failure to adjust for carry-over effects, the differences between the rations 
would have been underestimated by about 11 per cent. 

To verify that the vields have been freed from carry-over effects, we may 
create artificially an additional carry-over effect of say, the full grain ration, 
by adding 1000 to the yields in table 5, wherever full grain was fed in the 
previous period. The yields affected are 3264 (set 2), 4208 (set 3), 3833 
(set 4) and 4420 (set 6). With this change, the reader may verify that the 
adjusted mean vields become : 

Roughage 1325.6 lbs., Limited grain 1515.8 lbs., Full grain 1652.7 Ibs. 

The effect of the artificial carry-over effect is simply to increase all three 
means by the same amount, 74.1 lbs., the differences between the ration means 
remaining exactly the same as before. With unadjusted means, on the other 
hand, the vields for roughage and limited grain would both be increased by 
111.1 Ibs., that for full grain being unchanged. The same property holds for 
the adjusted mean yields if a constant amount is added to all vields following 
any one of the three rations. 

It may be of interest to examine the differences between the carry-over 
effects of the three rations. For a single cow (total of six weeks), these are 
viven by the deviations of the following quantities (Table 8) from their 
mean. 

TABLE 8 


Estimates of the carry-over effects per cow (total for 6 weeks) 


Deviation 


(ibs. ) 
Roughage: (3a +A + 8. + 8) /24 = 96,951/24 = 4,040 — 58 
Limited grain: (3b + B +s, +8,) /24 = 98,441/24 = 4,102 + 4 


Full grain: (3e +C +8, +8,) /24 = 99,640/24 = 4,152 +54 
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The difference in carry-over effect between roughage and full grain was 
112 lbs., about one-third of the corresponding difference (327 lbs.) between 
the direct effects. The same ratio holds approximately for the other two 
differences between the rations. The carry-over effects seem strikingly large 
in relation to the direct effects; however, the figures given above agree well 
with the rough estimates which may be made from table 5. The six cows 
receiving limited grain during the second and third periods and full grain 
in the previous period gave a total vield of 4420 + 3833 = 8253 Ibs., as com- 
pared with 7628 Ibs. for the six cows having limited grain preceded by rough- 
age. The difference, 625 lbs., corresponds to 104 lbs. per cow, which checks 
closely with the estimate of 112 Ibs. given above. 

The adjustments required for the direct effects may be obtained from the 
above estimates for the carry-over effects. For example, of the eighteen 
yields from cows receiving roughage, six followed a previous ration of lim- 
ited grain, six followed full grain, while none followed roughage. Thus the 
total yield of the eighteen cows should be reduced by six times the sum of the 
carry-over effects for limited grain and roughage, ¢.c., the mean should be 
reduced by 

(6.18) |54+4] =58 3=19.3 lbs.; 
in agreement with the reduction already given in table 7. 


THE ANALYSIS OF VARIANCE WHEN CARRY-OVER EFFECTS ARE PRESENT 

In analyzing the results for total nutrient consumption, we discarded 
results for the group containing the cow which was removed from the experi- 
ment. While this is the simplest procedure, it results in an appreciable loss 
of information. By a technique described by Yates (4) it is possible to in- 
clude in the analysis the two healthy cows in group 3. The first step in this 
technique is to estimate results for the missing cow by the method of least 
squares. The completed data can then be analyzed by the usual procedure. 
with certain slight changes mentioned below. 

The individual vields of fat corrected milk are shown in table 9, the 
values inserted for the missing cow being denoted by asterisks. In the 
analysis of variance, the total sum of squares and the sums of squares for 
groups, cows within groups, periods and the periods by groups interaction 
are found in the same way as for total nutrient consumption. Only che 
sums of squares between rations require special consideration. Of these, 
two degrees of freedom measure differences between the direct effects of the 
three rations, and two measure differences between the carry-over effects. 
However, the two sets of two degrees of freedom do not add to the correct 
total sum of squares for direct and carry-over effects, because the two effects 
are entangled by the nature of the design. This total sum of squares (4 
degrees of freedom) may be obtained either as direct effects (ignoring carry- 
over effects) + carry-over effects, or as carry-over effects (ignoring direct 
effects) + direct effects. 
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TABLE 9 


Individual yields of fat corrected milk units: lbs. per cow per period (total of six weeks) 


Group | Group 2 
Cow Cow 
Period ————— Totals Totals 
1 2 3 4 5 6 
I A 1376 B 2088 C 2238 5702 A 1863 B 1748 C 2012 5623 
Il B 1246 C 1864 A 1724 4834 C 1755 A 1353 B 1626 4734 
lll C 1151 A 1392 B 1272 3815 B 1462 C 1339 A 1010 3811 
Totals 37738 5344 5234 14351 5080 4440 4648 14168 
Group 3 Group 4 
Cow Cow 
Period — Totals Totals 
7 s 9 10 1] 12 
I A 1665* B 1938 C 1855 5458 A 1384 B 1640 C 1677 4701 
Il B 1517* C 1804 A 1298 4619 C 1535 A 1284 B 1497 4316 
Ii © 1366* A 969 B 1233 3568 B 1289 C 1370 A _ 1059 3718 
Totals 4548* 4711 4386 13645 4208 4294 4233 12735 
Group 5 Group 6 
Cow Cow 
Period -- Totals Totals 
13 14 15 16 17 18 
I A 13842 B 1344 C 1627 4313 A 1180 B 1287 C 1547 4014 
II B 1294 C 1312 A _ 1186 3792 «¢ 1245 A 1000 B 1297 3542 
Ili C 1817 A 903 B 1066 3286 B 1082 C 1078 A 887 3047 


Totals 3953 3559 3879 11391 3507 3365 3731 10603 


A = Roughage, B = Limited grain, C = Full grain. 

* Values inserted for cow which was rejected during the first period. 

The sum of squares for direct effects (ignoring carry-over effects) is 
found in the same way as for total nutrient consumption, being : 

(1/18) | (22,875)? + (25,926)? + (28,092)*?-—1,3 (76,893)*] = 763,282. 
The sum of squares for direct effects (adjusted for carry-over effects) is ob- 
tained from the adjusted ration totals given above (p. 944), as follows: 

(1/360) (90,107)? (103,801)? + (113,664)*-1,3 (307,572)*| = 777,534. 

To-caleulate the two sums of squares for carry-over effects, we require the 
totals for the three rations, with and without adjustment for direct effects. 
The former have already been obtained (Table 8). 

The adjusted sum of squares is: 

(1/72) | (96,951)? + (98,441)? + (99,640)*— 1,3 (295,032)*] = 50,409. 

The unadjusted totals are given by subtracting A, B and C, respectively 
from the corresponding adjusted totals. The sum of squares is: 

(1/90) | (74,076)? + (72,515)? + (71,548)? — 1,3 (218,139)*) | = 36,158. 

As a check, we may note that: 

763,282 + 50,409 = 813,691 : 777,534 ~ 36,158 = 813,692 ; 
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this figure being the total sum of squares (4 degrees of freedom) for direct 
and residual effects. The error sum of squares is found by subtraction. 


TABLE 10 


Analysis of variance of fat corrected milk units: total yield per cow per period, in lbs. 


Sum of Mean 


Degrees of 


freedom squares squares 


Total : 5,124,267 

Periods 2 2,041,769 

Interaction of periods with groups ..... .. 193,341 19,334 
Groups 1,311,769 262,354 
Cows within groups 654,638 59,513 
{ Residual (ignoring direct) ..... 36,158 

) Direet 777,534 388,767 
{ Direct (ignoring residual) ..... : 763,282 ) 

) Residual 50,409 25,204 
Error 109,058 6,059 


Rotations 


* One degree of freedom subtracted for missing cow. 

+t Two degrees of freedom subtracted for missing cow. 

The complete analysis of variance is shown in table 10, both sets of 2 
degrees of freedom for direct and carry-over effects being included. While 
only one set need be calculated to obtain the error sum of squares by sub- 
traction, both are required if tests of significance of the direct and carry- 
over effects are desired. The mean squares for direct effects (388,767) and 
carry-over effects (25,204), are both significant, the 5 per cent F-value for 2 
and 18 degrees of freedom being 3.55. The estimated standard error per 
cow (total of six weeks) is 77.84 lbs., or 5.5 per cent of the mean yield of 
1424 lbs. The corresponding standard error for the mean of 18 cows would 
be 77.84/\/18. However, this must be increased to allow for the missing cow, 
and for the adjustments necessary to correct for carry-over effects. The 
effect of the missing cow is to decrease the effective replication from 18 to 
nearly 16.5, while the adjustments increase the standard error by the factor 
\/1.25. Thus the standard error of the adjusted mean yields in table 7 is 
77.84 x \/1.25/\/16.5 = 21.4 Ibs., or 1.5 per cent of the mean. The design 
attained a satisfactory degree of precision ; an observed increase of 5 per cent 
would have been detected as statistically significant, while the actual differ- 
ences between the ration means were all highly significant. 

It has already been noticed (table 1) that the rates of fall in vield from 
period I to period III differed greatly for the different groups of cows. This 
fact is reflected in the analysis of variance, the mean square for the inter- 
action of periods with groups being 19,334 as against 6,059 for the error 
mean square. If the six cycles had been assigned to the eighteen cows at 
random, with three cows to each cycle, the estimated error mean square 
would have been approximately (24 x 6,059 + 10 x 19,334) /34=9,963. The 
device of first dividing the cows into six groups of three on the basis of ex- 
pected vielding ability therefore resulted in a marked increase in precision. 
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Similarly, the mean square between cows in the same group (59,513) is 
much larger than the error mean square. This indicates that any estimates 
based on group comparisons would have been subject to much higher ex- 
perimental errors than those avoiding the use of group comparisons. 

There is, of course, nothing to be gained by adjusting the means in cases 
where there are no carry-over effects. The important feature of the design 
is that it enables corrections to be made where these are considered necessary. 
An examination of the records, presented as in table 5 will usually be suffi- 
cient to decide the issue. In more doubtful cases, the direct and residual 
effects should be calculated as above, comparing the mean square for residual 
effects with the error mean square in the analysis of variance. If the former 
mean square is noticeably higher than the latter, it is safer to make the 
adjustments. 


OTHER NUMBERS OF REPLICATIONS AND TREATMENTS 


In the above design, the experimental unit consists of six cows, one re- 
ceiving each eyele. To retain the full balance of the design, the number of 
cows used must be a multiple of six. In an experiment with 6k cows, the 
calculations are exactly as described above, except that all divisors should be 
multiplied by k/3. Thus if 24 cows had been used, the expressions 72,, 
727», for the adjusted totals would be replaced by 96¥,, 967,, 96¥, 
respectively, the righthand sides of the equations remaining unchanged. 
The same rule applies to the divisors in the analysis of variance. Where 
there are no missing cows, the standard error of the adjusted means is 


<i where s* is the error mean square in the analysis of variance. 


Adjustments of this type cannot be made when only two rations are being 
compared in a switch-over design, since each ration must always precede the 
other. To obtain direct information on carry-over effects, say in a single 
reversal trial, it would be necessary to include cows receiving the sequences 
AA and BB, as well as cows receiving the switch-over sequences AB and BA. 

With four treatments there are twenty-four possible cycles. However, 
the important features of the design can be obtained with only twelve cows, 
by the use of the following trio of 4 « 4 Latin squares : 


Cows Cows Cows 
Period 
1 2 5 6 7 8 9 0 
A B ¢ B A B D 
B A dD C dD Cc B A A B 
Cc A B A Co Dd B A 
B A D A B B oA D 


Fie. 3. Change-over design for four rations. 
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Of the three A’s in period IT, one follows B, one follows C and one follows 
D. The same is true for any ration in any period after the first. The quan- 
tities required for estimating the direct and residual effects of ration A (with 
and without adjustment) are shown below. 


TABLE 11 


Calculation of the direct and residual effects in an experiment with four rations 


Divisors 


Effect Totals F For analy- 
or 7 
sis of 
means 
variance 
Direct (unadjusted ) A 2 12 
Direct (adjusted) 11A + (8a—b-—e-d) 120 1320 
Residual (adjusted 4u+A+8,+8; + 30 120 


The symbols here have the same definitions as on pages 14 and 15. The 
Sets S4, Sz, Sig are those in which A is given during the fourth period, the same 
rule applying to rations B, C and D. The first column of divisors gives the 
numbers by which the corresponding totals must be divided to obtain esti- 
mates per cow per period. The second column shows the divisors required 
in the analysis of variance; in each case these apply to the sums of squares 
of deviations of the totals for the four rations from their mean. Since the 
divisors are for a single unit of 12 cows, they must be multiplied by k where 
k units are used in the experiment. The formula for the standard error of 


1.1s? 


the adjusted means per cow per period is \ ok” where s* is the error mean 


square. 

Since four is probably the maximum number of rations that could be 
given in a single lactation, no designs are presented for higher numbers of 
rations. 

It should be understood that the designs described above apply particu- 
larly to short-time trials. Since it is difficult to keep a group of cows going 
for several lactations without some losses, such designs would require modi- 
fication for use in long-time trials (of 3-4 years). Animal losses in experi- 
ments of this type destroy the balance of the design, thus making a thorough 
and efficient analysis of the results difficult. 


SUMMARY 


The design and statistical analysis of a short-time switch-over trial com- 
paring three rations are discussed in this paper. The principal objects of 
the design are to secure accurate comparisons of the effects of the rations 
and unbiased estimates of the experimental errors. The design also makes 
it possible to estimate and adjust for carry-over effects, which have usually 
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been ignored in switch-over trials. The appropriate statistical analyses are 

illustrated by numerical examples of the case in which carry-over effects are 

negligible (nutrient consumption) and the case in which they are not 

negligible (milk production). A corresponding design for four rations is 

briefly described. 

A detailed report of the results of this feeding trial will be given in a 
future paper. 
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THE EFFECT OF PROCESSING ON THE NITROGEN 
DISTRIBUTION IN MILK 


8. G. MENEFEE, 0. R. OVERMAN anp P. H. TRACY 
Department of Dairy Husbandry, University of Illinois, Urbana, Illinois 


Knowledge of the changes that take place in the proteins when milk is 
heated is obseure and most studies that pertain to this subject have been 
confined largely to the amount of coagulation that occurs at different tem- 
peratures. Considerable work has been done in this field but the results as 
a whole are difficult to compare because different temperature-time relation- 
ships and various analytical methods have been used to study the N distribu- 
tion. Such studies also are complicated by the variable composition of milk 
which has a direct influence on the stability of the milk proteins when they 
are subjected to heat. ; 

In most studies concerning the N distribution in milk macro-Kjeldah! 
procedures have been used which necessitate the filtration and transfer of 
bulky precipitates. Furthermore large amounts of reagents must be used 
to separate certain protein fractions and consequently large volumes of 
filtrate result which must be used in the subsequent analyses. 

The macro procedures for determining the N fractions of milk are 
tedious and time consuming and limit the amount of experimental work that 
may be accomplished in a given time. Since previous experiments (1) 
showed that a semimicro procedure was as accurate as the macro methods 
for the determination of total N in milk it seemed probable that the separa- 
tion and analysis of the protein fractions of this produet could be made by 
semimicro methods. 

This investigation was conducted in order to (a) make a preliminary 
study of the effect of processing on the N distribution in some of the more 
common milk products and (b) determine the routine applicability of a 
semimicro method recommended by Rowland (2) for separating the protein 
fractions of milk. 


PROCEDURE 

The milk samples used in this investigation were taken from the milk 
delivered to the University Creamery. Mixed herd milk was used for these 
experiments because it would tend to be of more uniform composition and 
this would introduce less error in the comparisons of the data in the various 
tables. 

All samples were taken at the indicated stages of processing and ana- 
lyzed, in duplicate, as rapidly as possible after their preparation. Those 
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not being analyzed were stored at 40° F. until needed, removed and 
brought to room temperature by immersion in a warm water bath. 

No preservatives were added to the samples and none were stored long 
enough for acidity to develop as a result of bacterial action. 

After warming the milk to room temperature it was weighed with 
Mojonnier weighing crosses and pipets and the pipets emptied into volu- 
metric flasks of the capacity indicated in the following procedure recom- 
mended (2) for separating the protein fractions of milk. (If desired, sam- 
ples may be weighed directly into the volumetric flasks. ) 


SEPARATION OF THE PROTEIN FRACTIONS OF MILK 
I. Total Nitrogen 


Weigh 5 gm. of milk into a 100-ml. flask. Dilute to the mark with water, 
mix, and pipet 20 ml. into a 300-ml. Kjeldahl digestion flask. 


Il. Non-Casein N 

Weigh 10 gm. of milk into a 100-ml. flask, add 70-80 ml. of water at 40° 
C. and 1 ml. of 10 per cent acetie acid solution. Mix and after 10 minutes 
add 1 ml. of normal sodium acetate! and mix again. Cool and make to the 
mark with water. Filter through quantitative paper and pipet 20 ml. of the 
filtrate into a 300 ml. Kjeldahl flask. 

The non-casein N determined this way is reduced to correct for the 
volume oceupied in the 100 ml. flask by the precipitate of casein and fat 
(0.5 ml.). The correction factor (2) is non-casein N x 0.995. In all analy- 
ses this factor has been used regardless of variation in the fat and casein 
contents of the milk and neglecting this variation introduces extremely 
small errors in the non-casein and the casein N values. 


Ill. Non-Protein N 
Weigh 10 gm. of milk into a 50-ml. flask. Dilute to the mark with 15 per 


cent trichloroacetic acid solution and mix immediately. Filter and pipet 
20 ml. of the filtrate into a 300-ml. Kjeldahl flask. 


IV. Proteose-Peptone plus Non-Protein N 
Weigh 10 gm. of milk into a 100-ml. flask. Heat for 20 minutes at 95° 
C. and precipitate the denatured albumin and globulin with the casein as in 
II (non-easein N). Filter, and pipet 20 ml. of the filtrate into a 300-ml. 
Kjeldah! digestion flask. 
V. Globulin N 


Pipet 20 ml. of the filtrate from II (non-casein N) into a 50-ml. beaker. 
Add brom thymol blue indicator and 0.1 N sodium hydroxide until color 


1 Mold growth in the sodium acetate may be prevented by adding a few drops of 
chloroform. 
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shows a pH range within 6.8 to 7.2. Saturate with magnesium sulphate— 
about 21 gms. Set beaker aside at room temperature for at least 4 hours. 
Filter (suction—5-cm. filter) and wash with saturated magnesium sulphate 
solution. Transfer precipitate and filter paper to a 300-ml. Kjeldahl flask. 

A semimicro-Kjeldahl method (1) was used to determine the N in the 
various protein fractions. Mereuric oxide was used as the catalyst and 
boric acid as the ammonia receiving agent. 

Five direct determinations of the nitrogen fractions of milk are made 
by these methods: I—Total N ; [1l—Non-casein N ; I1]—Non-protein N; IV 
—Proteose-Peptone plus Non-protein N ; V—Globulin N. 

Other nitrogen fractions are determined by difference: Casein N = I-I1; 
Albumin plus globulin N = I-IV; Albumin N = II-—(1TV plus V); Proteose- 
Peptone N = IV-III. 


ANALYTICAL RESULTS 


The N distribution in milk and the various milk products is tabulated as 
per cent nitrogen and the nitrogen in the various fractions is caleulated as 
percentage of the total nitrogen. 

Nitrogen Distribution in Homogenized Milk. Homogenized milk was 
analyzed for nitrogen distribution to study the effect of homogenization on 
the milk proteins. 

TABLE 1 


Nitrogen distribution in 4 per cent milk homogenized at 2500 lbs. pressure 
Control—pasteurized whole milk containing 4 per cent fat. Some of the same milk, 
after pasteurization, was cooled to 135° F., homogenized with single stage at 2500 Ibs. 
pressure and cooled to 40° F. 


Past.t Per cent of Bay Per cent of 
control total N 2500 Ibs. total N 
(per cent N) ‘ (per cent N) = 
Total N 0.5408 0.5362 
Non-casein N 0.1106 20.45 0.1090 20.33 
Non-protein N 0.0301 5.58 0.0294 5.48 
Globulin N 0.0187 3.46 0.0174 3.25 
Casein N 0.4302 79.55 0.4272 79.67 
Albumin N 0.0434 8.03 0.0495 9.23 
Proteose N* 0.0184 3.40 0.0127 2.37 


* In these data proteose N is meant to include proteose-peptone N. 
+ Pasteurization, where indicated, means that the product has been heated for thirty 
minutes at 145° F. and cooled to 40° F. 


In tables 2 and 3 the data reported were obtained by the analysis of 4 
per cent whole milk processed the same as the product in table 1 except the 
milk was homogenized at a higher pressure. 

In another experiment the fat content of the whole milk was increased to 
8 per cent and the sample processed the same as the product referred to in 
table 1 except the milk was homogenized at 4000 Ibs. pressure. The results 
are given in table 4. 
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Nitrogen distribution in 4 per cent milk homogenized at 3500 Ibs. 


Total N 
Non-easein N 
Non-protein N 
Globulin N 
Casein N 
Albumin N 
Proteose N 
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Past. 
control 


(per cent N) 


0.5288 
0.1015 
0.0248 
0.0193 
0.4273 
0.0414 
0.0160 


TRACY 


TABLE 2 


Homo. 


Per cent of 3500 Ibs. 


total N (per cent N) 

0.5216 

19.19 0.0915 
4.69 0.0252 
3.65 0.0093 
80.81 0.4301 
7.83 0.0453 
3.038 0.0117 


TABLE 3 


Nitrogen distribution in 4 per cent milk homogenized at 5000 Ibs 


Total N 
Non-casein N 
Non-protein N 
Globulin N 
Casein N 
Albumin N 
Proteose N 


Raw 


(per cent N) 


0.5477 
0.1147 
0.0303 
0.0161 
0.4330 
0.0537 
0.0146 


Clarified 
at 70° F. 
(per cent N) 


Past. 
(per cent N) 


0.5611 0.5562 
0.1208 0.1148 
0.03823 0.0287 
0.0185 0.0162 
0.4408 0.4419 
0.0545 0.0510 
0.0150 0.0184 


pressure 


Per cent of 
total N 


17.54 
4.83 
1.78 

82.46 
8.68 


2.24 


+ pressure 


Homo. 
5000 lbs. 
(per cent N) 


0.5356 
0.1076 
0.0282 
0.0145 
0.4280 
0.0473 
0.0176 


Data above calculated as percentage of the total nitrogen 


Non-casein N 
Non-protein N 
Globulin N 
Casein N 
Albumin N 
Proteose N 


20.94 
5.53 
2.94 

79.24 
9.80 


2.67 


21.44 20.55 
5.76 5.16 
3.30 2.91 

78.56 79.45 
9.71 9.17 
2.67 3.31 


TABLE 4 
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Nitrogen distribution in 8 per cent milk homogenized at 4000 lbs. pressure 


Total N 
Non-casein N 
Non-protein N 
Globulin N 
Casein N 
Albumin N 
Proteose N 


Past. 


control 
(per cent N) 


0.5052 
0.1094 
0.0300 
0.0200 
0.3958 
0.0442 
0.0152 


Homo. 


ce a 
Per cent of 4000 Ibs. 


total N (per cent N) 
0.5111 
21.66 0.0985 
5.94 0.0313 
3.96 0.0212 
78.35 0.4126 
8.75 0.0354 
3.01 0.0106 


Per cent of 
total N 


19.27 
6.12 
4.15 

80.73 
6.93 
2.07 


The N distribution in homogenized skim milk (table 5) and homogenized 
4 per cent raw milk (table 6) was studied to make comparisons with the 
previous tables (1-4). The skim milk was processed the same as the product 
referred to in table 1 and the raw milk was homogenized cold at 2500 Ibs. 
pressure with single stage. 


5.27 
2.71 
79.91 
8.83 
3.29 
- 
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TABLE 5 
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Nitrogen distribution in skim milk homogenized at 3500 Ibs. pressure 


Past. Per cent of _flomo. Per cent of 
control total N 3500 Ibs. total N 
(per cent N) (per cent N) 
Total N 0.5204 0.5207 
Non-casein N 0.1099 21.12 0.1093 20.99 
Non-protein N 0.0290 5.57 0.0295 5.67 
Globulin N 0.0182 3.50 0.0152 2.92 
Casein N 0.4105 78.88 0.4114 79.01 
Albumin N 0.0436 8.38 0.0466 8.95 
Proteose N 0.0191 3.46 


3.67 0.0180 


TABLE 6 


Nitrogen distribution in raw milk homogenized at 2500 lbs. pressure 


Raw Per cent of Homo. Per cent of 
(per cent N) total N 2500 Ibs. total N 
Total N 0.4861 ; 0.4848 
Non-easein N 0.1109 22.81 0.1111 22.92 
Non-protein N 0.0289 5.95 0.0299 6.19 
Globulin N 0.0178 3.66 0.0178 3.67 
Casein N 0.3752 77.19 0.3737 77.08 
Albumin N 0.0489 10.06 0.0504 10.40 
0.0153 3.15 0.0130 2.68 


Proteose N 


Nitrogen Distribution in Evaporated Milk. Table 7 shows the N dis- 
tribution in evaporated milk. The samples were taken during the various 
stages of the condensing process, as indicated in table 7, and analyzed for N 
distribution. The milk was condensed from 12.86 to 26.36 per cent total 
solids and 3.9 to 7.81 per cent fat. The condensed milk (D) after homogeni- 
zation was canned and sterilized. No salts were added to the milk before 
sterilization. The raw, pasteurized and forewarmed milks were analyzed 
without any change while the condensed products were diluted with dis- 
tilled water in order to bring the total solids concentration to 12.86 so that 
comparisons in N distribution could be made with the raw milk. 

The data in table 7 show that significant changes have taken place in the 
protein fractions. Lower values are reported for the N fractions in the 
forewarmed sample but this is due to dilution of the milk with the steam 
condensate during the forewarming. 

By the time the forewarming is completed all the albumin has been coag- 
ulated and this is determined (co-precipitated with casein at a pH of 4.6) 
with the casein N causing high results for this fraction. These changes are 
more significant in all samples of the condensed milk (C), (D) and (E). 

It is interesting to compare the N distribution in the raw milk with that 
of the condensed milk (C). The casein N in (C) has increased 0.0753 per 
cent as a result of the heating while the non-casein N decreased 0.0749 per 
cent showing that the proteins (coagulated albumin and globulin) have 
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been removed from the non-casein or soluble protein fraction. The total 
albumin and globulin N present in the raw milk amounts to 0.0712 per cent 
while the condensed milk (C) shows no albumin and 0.0066 per cent globu- 
lin N indicating that the increase in casein N accounts for slightly more than 
the amount of albumin and globulin coagulated. The albumin and globulin 
coagulated amount to 0.0646 per cent N and the difference between this 
value and the increase in casein N (0.0753) is only 0.0107 per cent N which 
is within the limits of experimental error. 

A comparison of the casein N fraction of the condensed milk (C) with 
the final product (E) would indicate that some hydrolysis of this fraction 
has taken place. 

Nitrogen Distribution in Condensed Skim Milk. Since evaporated milk 
showed variations in the N distribution it seemed advisable to study the 
effect of the condensing process on the protein fractions of skim milk. 

Pasteurized skim milk was forewarmed to 150° F. and condensed from 
9.20 to 31.37 per cent total solids. The condensed samples were diluted with 
distilled water before analysis to bring the total solids concentration back 
to that of the original skim milk. The N distribution of this product is 
shown in table 8. 

TABLE 8 
Nitrogen distribution in condensed skim milk 
Forewarmed 


150° F. 
(per cent N) 


Condensed 
(per cent N) 


Past. skim 
(per cent N) 


Total N 0.5367 0.5395 0.5453 


Non-casein N 0.1118 0.1016 0.1086 
Non-protein N 0.0293 0.0291 0.0305 
Globulin N 0.0143 0.0150 0.0153 
Casein N 0.4249 0.4379 0.4367 
Albumin N 0.0464 0.0395 0.0396 
Proteose N 0.0218 0.0180 0.0232 


Data above calculated as percentage of total N 


Non-casein N 20.83 18.83 19.92 
Non-protein N 5.46 5.39 5.59 
Globulin N 2.66 2.7 2.81 
Casein N 79.17 81.17 80.08 
Albumin N 8.65 7.32 7.26 


Proteose N 4.06 3.34 4.25 


The changes in the protein fractions in table 8 are very small. Regard- 
less of these minor changes there is evidence to show that the value for the 
casein N fraction has increased due to the co-precipitation of coagulated 
proteim which appears to be albumin. The analysis of the data in table 7 
supports this trend of thought. 

Nitrogen Distribution in Cultured Milk. An analysis of cultured milk 
is shown in table 9. Pasteurized skim milk was repasteurized for 30 minutes 
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at 190° F., cooled to 70° F. and starter added (1 quart of starter to 25 gal- 
lons of milk). The milk was allowed to stand overnight and the following 
morning it was thoroughly mixed and a sample taken for analysis. The cul- 
tured milk was analyzed for nitrogen distribution to check the efficiency of 
the buffered solutions used in the determinations of non-casein N and pro- 
teose-peptone plus non-protein nitrogen. This seemed to be a practical 
method to determine the effect of developed acidity on the separation of 
these protein fractions. The acidity of the repasteurized milk was 0.14 and 
that of the cultured milk was 0.79 per cent. 


TABLE 9 


Nitrogen distribution in cultured skim milk 


Past. Past. 


skim 145° F. skim 190° F, ee 

(per cent N) (per cent N) 
Total N 0.5203 0.5275 0.5233 
Non-casein N 0.1155 0.0542 0.0694 
Non-protein N 0.0317 0.0412 0.0479 
Globulin N 0.0231 0.0167 0.0213 
Casein N 0.4048 0.4733 0.4539 
Albumin N 0.0424 0.0000 0.0000 
Proteose N 0.0183 0.0156 0.0264 


Data above caleulated as percentage of total N 


Non-casein N 22.20 10.27 13.26 
Non-protein N 6.09 7.81 9.15 
Globulin N 4.44 3.17 4.07 
Casein N 77.80 89.73 86.74 
Albumin N 8.15 00.00 00.00 
Proteose N ; 3.52 2.96 5.04 


Repasteurization of the skim milk at 190° F. has coagulated all of the 
albumin and probably some globulin as indicated by the apparent increase 
in casein N in this sample. The decrease in the casein N in the cultured 
milk sample is attributed to a slight hydrolysis of this fraction. By com- 
paring this sample with the enzyme treated milks (table 10) one will observe 
that the changes in N distribution are less significant but are of a similar 
nature. 

The buffers used (sodium acetate and acetic acid) seem to function rather 
efficiently in separating the indicated protein fractions in the cultured milk 
regardless of the high acidity. 

Several samples of skim milk which were sealed in tin cans, sterilized 
and cultured with a minimum amount of starter showed a N distribution 
comparable to the data in table 9. 

Nitrogen Distribution in Enzyme Treated Milks. Four per cent raw 
milk was heated to 145° F. in glass stoppered bottles and then Enzylac, 
Trypsin and Steapsin added in a concentration of 1 part of enzyme to 
25,000 parts of milk. The pasteurization process was completed and all 
samples analyzed for N distribution. The results are shown in table 10. 
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TABLE 10 


Nitrogen distribution in enzyme treated milks 


Trypsin 


treated milks. 


the casein N fraction. 


* Albumin and globulin determined together. 


Control Steapsin Enzylae 

Past. 145°-30’" at 145°—Past. at 145°-Past. at 145°—Past. 

(per cent N) (per cent N) (per cent N) (per cent N) 
Total N 0.5194 0.5327 0.5286 0.5138 
Non-casein N 0.1098 0.1365 0.1492 0.1326 
Non-protein N 0.0335 0.0419 0.0531 0.0414 
Casein N 0.4096 0.3962 0.3794 0.3812 
Alb. and Glob. N* 0.052% 0.0521 0.0657 0.0483 
Proteose N 0.0240 0.0425 0.0304 0.0429 

Data above caleulated as percentage of total N 

Non-easein N 21.14 25.62 28.23 25.81 
Non-protein N 6.45 7.88 10.05 8.06 
Casein N 78.86 74.38 71.77 74.19 
Alb. and Glob. N 10.07 9.80 12.43 9.40 
Proteose N 4.62 7.80 5.75 8.35 


The enzyme treated milks show definite protein hydrolysis especially of 
This is more evident in the Trypsin and Enzylac 
The non-casein, non-protein and proteose N fractions of the 
enzyme treated products have increased in percentage N. 
cate that the cleavage products from the casein N fraction are determined 
with the other N fractions and especially with the non-casein N. 


The data indi- 


The more 


significant increase in non-protein N in this data indicate that a greater 
degree of hydrolysis has taken place in the protein fractions of this product 
than in the evaporated milk—(E) table 7. 

Average Nitrogen Distribution in Milk. Table 11 shows the average N 
distribution in five different samples of each of the following products: raw 


TABLE 11 


Average N distribution in processed milk 


Raw Past. Homo. Skim 
(per cent N) (per cent N) (percent N) (per cent N) 
Total N 0.5306 0.5356 0.5228 0.5249 
Non-casein N 0.1153 0.1106 0.1074 0.1104 
Non-protein N 0.0299 0.0298 0.0293 0.0291 
Globulin N 0.0176 0.0173 0.0203 0.0184 
Casein N 0.4153 0.4249 0.4153 0.4145 
Albumin N 0.0511 0.0447 0.0431 0.0410 
Proteose N 0.0168 0.0187 0.0146 0.0218 
Data above calculated as per cent of total N 

Non-casein N 21.73 20.65 20.54 21.03 
Non-protein N 5.64 5.56 5.60 5.54 
Globulin N . 3.32 3.23 3.88 3.51 
Casein N 78.27 79.33 79.44 78.97 
Albumin N 9.63 8.35 8.24 7.83 
Proteose N 3.17 2.79 4.15 
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bulk milk, pasteurized milk 4 per cent fat, 4 per cent milk pasteurized— 
cooled to 135° F. and homogenized at 2500 lbs. pressure with single stage, 
and pasteurized skim milk. All the processed products were manufactured 
from the raw bulk milk. 

The data in table 11 show that the processing has produced no significant 
changes in N distribution. 

DISCUSSION 

The changes in the N distribution of the homogenized milk (tables 1, 2. 
5, and 6) are not significant. There is some evidence in the data recorded 
in tables 3 and 4 to indicate that there may have been some disturbance of 
the protein fractions but the evidence is slight and these products have been 
subjected to pressures that are not used commercially. 

The N distribution in evaporated milk (table 7) shows some interesting 
variations. The most significant changes have occurred as a result of the 
coagulation of the albumin and globulin—especially albumin. All globulin 
should be coagulated at 72° C. (3) but complete coagulation, according to 
the analysis, has not taken place. This is probably due to errors since this 
fraction contains such a small amount of N. For routine analysis it is more 
convenient and probably more accurate to determine the albumin and 
globulin together since the quantitative separation and determination of 
the small amount of globulin in milk is of questionable accuracy. In order 
to determine the amount of hydrolysis in the evaporated milk the casein N 
fraction in (E) is compared with the same fraction in the condensed (C) 
or the condensed and homogenized milk (D) because the casein N has in- 
creased due to coagulated albumin and globulin and this is the only fraec- 
tion which shows any significant hydrolysis. Small but consistent increases 
in the amino N of heated milk (4, 5) indicate that some hydrolysis takes 
place during the heating process. The decrease in the casein N fraction in 
the evaporated milk (E) is beyond the limits of experimental error. The 
non-casein N has increased a significant amount, comparing (E) with (C) 
or (D), while the other N fractions have increased a small amount, so small 
as a matter of fact that the increase could be attributed to experimental 
error. However these increases in the N fractions of the evaporated milk 
with a decrease in the casein N fraction indicate that the proteins in the 
casein N fraction are in a preliminary stage of breakdown and these cleavage 
products are distributed and determined with the other N fractions, appar- 
ently largely the non-casein N fraction. This trend of thought seems to be 
supported by the N distribution in the enzyme treated milk (table 10) which 
shows definite hydrolysis of the milk proteins. 

During this study curd tensions were determined on several of the milk 
products analyzed for N distribution. The curd tension of the evaporated 
milk (E, table 7) was zero for both the evaporated and the reconstituted 
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product. The raw milk, pasteurized milk and the homogenized milk (table 
1) had eurd tensions of 57, 53, and 12 grams respectively. The enzyme 
treated milk (table 10) which shows the most significant hydrolysis of any 
of the products had an average curd tension of about 26 grams. If the curd 
tension is a reliable measure of the consistency of the milk curd it seems 
reasonable to assume that the greatest alteration in the phvsical conditions 
of the milk proteins have taken place in the evaporated milk. There seems 
to be no direct relationship between N distribution and curd tension because 
the enzyme treated milks show the most significant hydrolysis and they had 
the highest curd tension of the three processed products. 

One fact should be mentioned concerning the determination of casein N 
in milk products that have been subjected to heat. The present accepted 
analytical methods (6) for this determination are subject to error and the 
magnitude of this error will depend upon the temperature and the length of 
time the milk has been heated. As milk is heated at increasing temperatures 
the amount of albumin and globulin coagulated increases and these coagu- 
lated proteins are co-precipitated with the casein causing high results for 
this fraction. The data in table 7 show that the raw miik had a casein con- 
tent of 0.4152 per cent N which may be considered the normal casein N 
value for all samples listed in this table. Using this figure (0.4152) as the 
normal casein N value one finds that a determination of the casein N in the 
pasteurized milk or in (C), (D) or (E) would result in errors of 0.0110, 
0.0753, 0.0789 and 0.0533 per cent nitrogen respectively—if this fraction 
is to be ealled casein N. This fraction in all heated milk has been referred 
to in this report as casein N in order to be consistent and avoid confusion 
but the term is erroneous when milk is heated sufficiently to cause some 


TABLE 12 


Nitrogen distribution in sterilized skim milk 
Semimicro analysis 


Past. skim Sterilized 


(per cent N) (per cent N) 
Total N 0.5333 0.5270 
Non-casein N 0.1103 0.0719 
Non-protein N 0.0300 0.0401 
Globulin N 0.0197 0.0188 
Casein N 0.4230 0.4551 
Albumin N 0.0353 0.0000 
Proteose N 0.0253 0.0319 


Data above caleulated as percentage of total N 


Non-easein N 20.68 13.64 
Non-protein N 5.63 7.61 
Globulin N 3.69 3.57 
Casein N 79.32 86.36 
Albumin N 6.62 00.00 


Proteose N ' 4.74 6.05 
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coagulation of the albumin and globulin. It has been stated that the casein 
N fraction in (E, table 7) shows some hydrolysis but it is difficult to tell 
what proteins are actually hydrolyzed due to the co-precipitation of albumin 
and globulin with this N fraction. 

The error introduced in the determination of casein N in heated milk 
may be demonstrated by an analysis of the data in tables 12 and 13. In this 
experiment pasteurized skim milk was sealed in tin cans and sterilized at 
120° C. for 30 minutes. The skim milk and the sterilized skim milk were 
analyzed for N distribution by semimicro and the Official macro methods 
(6). 

Casein, albumin and residual N* were determined by the Official meth- 
ods (6) and compared with the same fractions determined by the semimicro 
methods. The comparison is shown in table 13. 


TABLE 13 


Comparison of the N distribution in skim milk analyzed by the official 
and semimicro methods 


Official methed Semimicro method 
Past. skim Sterilized Past. skim Sterilized 
(per cent N) (percent N) (percent N) (per cent N) 


Casein N 0.4050 0.4484 0.4230 0.4551 
Albumin N 0.0535 0.0287 0.0353 0.0000 
Residual N* 0.0713 0.0791 0.0750 0.0908 
(Caleulated) Total N 0.5298 0.5562 0.5333 0.5459 


* The determination of residual N is not an Official Method. It has been ineluded 
with these methods for convenience and because the Official Kjeldahl-Gunning-Arnold 
Method was used to determine the N in this fraction and for all other macro determina- 
tions. The filtrate from the albumin N determination was used to determine residual N. 

The total N (table 13) is obtained by adding the values for the different 
N fractions. In the semimicro analysis the values for residual N are 'ob- 
tained by adding the values reported in table 12 for proteose, non-protein 
and globulin N which would correspond to the residual N determined by 
the Official method. The residual N reported in the semimicro analysis may 
be calculated also by subtracting the albumin N from the non-casein N. 
The increases in the casein N fraction, due to coagulated albumin and glob- 
ulin, may be observed in the sterilized milk. The casein N fraction deter- 
mined by semimicro methods has a slightly higher N value than the same 
fraction determined by the Official methods. This is attributed to several 
factors which will be discussed later. The errors introduced in the deter- 
mination of the N fractions of milk by both analytical methods may be ob- 
served by the variations in the calculated total N as compared to the actual 
value 0.5333 per cent N. 

A Note Concerning the Separation of the Protein Fractions of Milk by 
Semimicro Methods. The theories concerning the separations of the protein 

2See footnote to table 13. 
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fractions of milk by semimicro methods have been omitted because they have 
been comprehensively discussed by Rowland (7, 8). 

The following procedure was used to check the semimicro separations of 
the protein fractions. Samples of reconstituted evaporated milk (some of 
same milk analyzed in table 7) were weighed into 150 ml. beakers and the 
milk proteins precipitated as in separations II, III and IV (Procedure). 
These precipitates were collected on quantitative filter paper and washed 
with the precipitating agents in the same concentration as they were used 
in the actual precipitation. The precipitates and paper were transferred 
to 500-ml. Kjeldahl digestion flasks and the N in these determined by the 
Official-Kjeldahl-Gunning-Arnold Method (6). The proteins represented 
by each of these three determinations were compared with the correspond- 
ing N fractions obtained by the semimicro N distribution analysis of the 
evaporated milk. Since only filtrates are used in the semimicro procedure 
it seemed desirable to analyze the protein precipitates from these separa- 
tions, thus making it possible to actually check the semimicro separation of 
the protein fractions of the milk. The heated milk was used for this experi- 
ment in order to complicate the separations. The results are shown in 
table 14. 


TABLE 14 
Accuracy of protein separations by semimicro methods 


Analysis by Semimicro-K jeldahl Analysis by Macro-K jeldahl 


Per cent N Precipitate Per cent N 
Total N 0.5342 
Non-easein N 0.0551 
Non-protein N 0.0421 
Globulin N 0.0152 II 0.4843 
Casein N ; 0.4792 III 0.5042 
Albumin N ................ 0.0000 IV 0.4844 


Proteose N 0.0124 


Precipitate IT should contain only casein N, Precipitate III should con- 
tain casein, albumin, globulin and proteose-peptone N, while Precipitate IV 
should contain casein, albumin and globulin N. The N values for these 
fractions should check with the sum of the corresponding N values reported 
in the semimicro analysis. The comparisons are as follows: 

Semimicro-Kjeldahl Difference 
Precipitates (percent N) Filtrates (percent N) (percent N) 


Casein 0.4843 (Ppt. IT) 0.4792 0.0051 


Casein 

Albumin 0.5042 (Ppt. ITT) 0.5068 0.0026 
Globulin 

Proteose 


Casein 
Albumin 0.4844 (Ppt. IV) 0.4944 0.0100 
Globulin 
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The checks secured in this separation are satisfactory. 

Another experiment of similar nature was conducted in order to com- 
pare all results with the present accepted Official Methods (6) for deter- 
mining the proteins in milk. Pasteurized 4 per cent milk was used for this 
experiment. Table 15 shows the N distribution in this milk as determined 
by the Official Methods (in triplicate) and the semimicro methods (in 
duplicate). 

TABLE 15 
N distribution in pasteurized milk by official and semimicro methods. 


Results reported as per cent N 


Official methods 


Total N Official Tent. ™ Albumin N Residual N 
easein N casein N 
0.5108 0.4008 0.4110 0.0529 0.0626 
0.5057 0.3958 0.4021 0.0527 0.0613 
0.5131 0.3804 0.4083 0.0518 0.0610 
0.5099 0.3923 0.4071 0.0525 0.0616 Ave. 
Semimicro methods 

Total N 0.5116 0.5184 0.5150 
Non-casein N : 0.1073 0.1080 0.1077 
Non-protein N 0.0309 0.0309 0.0309 
Proteose-peptone plus non-protein N 0.0472 0.0477 0.0475 
Globulin N 0.0134 0.0155 0.0145 
Casein N 0.4043 0.4104 0.4074 
Albumin plus Globulin N 0.0601 0.0603 0.0602 
Albumin N 0.0467 0.0448 0.0458 
Proteose-peptone N 0.0163 0.0168 0.0166 
Residual N (Caleulated) 0.0620 0.0619 0.0620 


Casein was determined by the Official and Tentative Methods in order 
to compare these determinations with the semimicro results for the same 
fraction. The Tentative Official Method is similar to the semimicro pro- 
cedure for the determination of this protein and the data indicate that the 
results secured by each method check very closely. Both of these methods 
give more consistent checks for casein N than the Official method. 

The Tentative Method is not adaptable to routine analyses because un- 
necessary steps have been introduced into the method which make it too 
inconvenient for general use. The simplified procedure indicated in separa- 
tion II (Procedure) will give the same results, by either macro or semimicro 
methods, as the Tentative method with much less inconvenience to the 
analyst. Both Rowland (7) and Moir (9) have claimed that the Official 
Method for casein gives low results because the filtrates from this precipita- 
tion have a pH lower than the iso-electric point of casein. The filtrates 
from the casein precipitations by all three methods were checked and the pH 
found to be 3.3 for the Official and 4.6 for the Tentative Official and semi- 
micro methods. The last two methods give higher values for casein N than 
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the Official Method (table 15) and this is attributed to the proper pH of 
the filtrate (pH 4.6) and the elimination of washing and transferring casein 
precipitates. 

Samples of the same 4 per cent milk used for the previous experiment 
(table 15) were weighted into 150 ml. beakers and the proteins precipitated 
as in II, III, and IV (Procedure), or the same procedure was followed as 
was used to obtain the data shown in table 14. The analysis of the protein 
precipitates is shown in table 16. 


TABLE 1¢ 


Accuracy of semimicro protein separations in 4 per cent milk. 
Results in per cent N 


Ppt. IV 


Ppt. IT Ppt. ITT 

0.3908 0.4758 0.4543 
0.3831 0.4838 0.4531 
0.3908 0.4619 0.4549 


Ave. 0.3882 0.4738 0.4541 


The average N values for these protein fractions are compared with the 
corresponding average N values in the semimicro analysis reported in table 
15. The results are as follows: 


Macro-K jeldahl Semimicro-K jeldah] 
Ppts. filtrates Difference 

Casein aos 0.3882 (Ppt. IT) 0.4074 0.0192 
Casein 

Albumin 0.4738 (Ppt. IIT) 0.4843 0.0105 
Globulin 

Proteose 

Casein 

Albumin ..................... 0.4541 (Ppt. IV) 0.4677 0.0136 


Globulin 


The results are very satisfactory when one considers the difficulties in- 
volved in an analytical comparison of this nature. These results and those 
reported in table 14 indicate that the semimicro methods are satisfactory for 
separating the protein fractions of milk. 

Five individual determinations were made on the same sample of pas- 
teurized 4 per cent milk in order to determine the reliability of individual 
determinations by the semimicro methods. The results are shown in 
table 17. 

Duplicate determinations on the same N fractions by semimicro methods 
usually give more satisfactory checks than macro methods. The semimicro 
methods for determining the protein fractions of milk are not above criti- 
cism but they are sensitive, well adapted to routine analyses and reliable as 
indicated by their comparison with the present accepted methods. 
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TABLE 17 
Accuracy of individual determinations by semimicro methods. 
Results in per cent N 


Mean Mean deviation 
Total N ...... 0.5187 0.0030 
Non-casein N ; 0.1087 0.0009 
Non-protein N 0.0298 0.0009 
Proteose-peptone plus non-protein N 0.0493 0.0015 
Globulin N 0.0104 0.0032 
Casein N 0.4100 0.0026 
Albumin and Globulin 0.0598 0.0012 
Albumin ae 0.0488 0.0025 
Proteose-peptone 0.0195 0.0024 
SUMMARY 


1. Semimicro methods have been described and used to study the N dis- 
tribution in milk. These methods are efficient, well adapted to routine 
analyses and results compare very favorably with those obtained by the 
Official Methods. 

2. The homogenization of milk at normal and abnormal pressures pro- 
dueed no significant changes in the N distribution. 

3. The coagulation of albumin and globulin was the most significant 
change that occurred in the N distribution of evaporated milk. There is 
evidence to indicate that some hydrolysis of the proteins takes place in this 
milk as a result of the processing. 

4. Condensing skim milk produced only minor changes in the N distribu- 
tion of the product. 

5. The addition of Steapsin, Trypsin and Enzylac to milk at a tempera- 
ture of 145° F. for 30 minutes produced definite hydrolysis of the milk 
proteins. 

6. Pasteurization of milk at 145° F. for 30 minutes produced no signifi- 
cant changes in N distribution. 
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A STUDY IN CHEESE RIPENING. THE INFLUENCE OF AUTO- 
LYZED CELLS OF STREPTOCOCCUS CREMORIS AND 
STREPTOCOCCUS LACTIS ON THE DEVELOP- 

MENT OF LACTOBACILLUS CASEI 


P. ARNE HANSEN 
Department of Bacteriology, Georgetown University School of Medicine, Washington, D. C. 


There is a gradual change in the bacterial flora of cheese during the 
process of ripening. In the hard cheeses, which have not been heated to a 
high temperature, Streptococcus lactis and Streptococcus cremoris are pre- 
dominant at first, later being replaced by Lactobacillus casei (Orla-Jensen ) 
Holland (Bacillus casei alpha v. Freudenreich and Thoni, Streptobacterium 
caset Orla-Jensen), a bacterium which is of importance for the cheese ripen- 
ing process on account of its proteolytic activity. Many strains of this 
species show active break-down of casein when inoculated into milk contain- 
ing calcium carbonate (Orla-Jensen 1919 (1)). No satisfactory explanation 
for the general occurrence of L. casei has so far been given.’ In the present 
work a factor for the development of L. casei has been studied, namely the 
influence of the cell content of Str. lactis and Str. cremoris. 


EXPERIMENTAL 


In the course of the study the following strains were used : 

From the collection of Dr. S. Orla-Jensen, Copenhagen: Streptococcus 
cremoris No. 37, Str. lactis No. 7, Str. lactis No. 17, Str. lactis No. 22, Beta- 
coccus cremoris No. 7, Streptobacterium casei No. 7, Streptobacterium casei 
No. 11 and Thermobacterium helveticum No. 12. 

From the American Type Culture Collection, Washington, D. C.: Lacto- 
bacillus casei No. 334, Lactobacillus casei No. 393 = Streptobacterium casei, 
Orla-Jensen No. 7. 

From the collection of Dr. J. M. Sherman, Cornell University, Ithaca, 
N. Y.: Streptococcus cremoris No. C37V. 


The streptococci were grown in 4 liters of a peptic casein digest medium, 
which was made perfectly clear with albumin of egg, } per cent being used. 


Casein digest adjusted to 0.5 per cent nitrogen... 1000 ml. 


MgSO, -7H.0 . 1 g. 
Glucose ........ 5 g. 


adjusted to pH 6.8 

Received for publication June 23, 1941. 

1 This organism should not be confused with Lactobacillus helveticus (Orla-Jensen ) 
Bergey et al. (Bacillus casei epsilon v. Freudenreich and Théni, Thermobacterium hel- 
veticum Orla-Jensen) which is of the greatest significance for the ripening of Swiss cheese, 
but, unlike L. casei, it is not generally found in all kinds of cheeses. 
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The eultures were incubated at 20—-23° C. until a heavy growth resulted, 
usually for 2-6 days. The cultures were centrifuged, the supernatant fluid 
poured off, and the cells were suspended in one liter of physiological saline. 
The process was repeated, and finally the bacteria were suspended in a small 
volume of saline, about 40 ml. From then on the bacterial preparations 
were handled in various ways. 

A. Autolysis of Bacteria. This was carried out by the following pro- 
cedure. To the 40 ml. of suspension were added 1.7 g. NaCl and a little 
toluene, the mixture was well shaken and placed at 49° C. for 5 weeks. The 
acid formed during the process was neutralized by adding 0.2 N NaOH to a 
slightly alkaline reaction, the indicator, thymol blue, being used. The sus- 
pensions were examined under the microscope, and it was noticed that during 
this long exposure to 49° C., considerable break-down of the cells occurred, 
while, e.g., 48 hours treatment seemed quite insufficient to change the appear- 
ance of the cells. After evaporation of the toluene on a water bath, the 
nitrogen content was ascertained and finally the preparation was diluted to 
a definite nitrogen content and sterilized by autoclaving in a Freudenreich 
flask. 

B. Disintegration of Bacteria by the Sonic Oscillator (Chambers and 
Flosdorf 1936 (2)). The suspension of bacteria in physiological saline, 
brought to neutrality, and with a little toluene added was subjected to sonic 
vibration for a period of 10-30 minutes. The toluene was evaporated, 
nitrogen determined, and the preparation was diluted to a suitable nitrogen 
content and sterilized by autoclaving. 

C. No special treatment of bacteria other than sterilization. Steriliza- 
tion was usually carried out by 15 minutes exposure in the autoclave at 15 
lbs. pressure. 

In addition to skim milk and casein digest a whey medium was used in 
one instanee, prepared according to a formula of Mr. M. Rogosa, Bureau of 
Dairy Industry, U. S. Department of Agriculture. Skim milk was heated 
to 37° C. and sufficient rennet added to form a firm coagulum in about 30 
minutes. The curd was cut in rather big pieces, disturbing it as little as 
possible. The whey was heated to 80° C., cooled and kept in the ice box 
over night, then centrifuged; finally the supernatant liquid was passed 
through a Seitz filter EK. The resulting medium was filtered once more 
through a Seitz filter for sterilization and pipetted into sterile tubes. They 
were ineubated at 30° C. for five days to detect possible contamination. 


EXPERIMENT NO. 1 


The influence of autolyzed cells of Streptococcus lactis (strain 22) on the 
development of L. casei (strains 7 and 11), Str. lactis (strain 22), and Beta- 
coccus cremoris (strain 7) was studied. Skim milk to which varying 
amounts of extracts containing 0.5 per cent nitrogen had been added was 
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tubed in 10 ml. lots, and sterilized in the autoclave. The tubes were inocu- 
lated and incubated for 16 days, the L. casei strains at 30° C., Str. lactis and 
Betacoccus cremoris at 23° C. At the end of this period the cultures were 


titrated with NaOH and the results expressed in per cent lactie acid formed. 


L. coset 7 
17% 
8 
N} cremoraT 
q 
a 


Auloysate (OS per cert of 
Strep 22 added to 
Fig. 1. Influence of autolyzed cells of Str. lactis 22 on acid formation by L. casei 7 
and 11, Str. lactis 22, and Betacoecus cremoris 7. 


The data in figure 1 show a considerable increase in the endpoint of 
fermentation for the L. casei strains and for Betacoccus cremoris 7; but 
Str. lactis 22 was not influenced by extracts of its own cells. 

The activity was not limited to extracts of this strain as the following 
results show. 


EXPERIMENT NO. 2 


The experimental procedure was in the main the same as in No. 1 with 
the exception that the media in which the various Strs. were grown contained 
1 per cent glucose and that the preparations of autolyzed cells were made up 
io 1 per cent nitrogen. Autolysates of Str. lactis (strains 7 and 17) and of 
Str. cremoris (strain 37) were added to milk as in the previous experiment. 
The organisms grown in the extracts were L. casei (strains 7 and 11) at 
30° C. and L. helveticus (strain 12) at 37° C. ZL. casei was encouraged, as 
will be noted’ from figure 2, while L. helveticus seems not to be influenced 
favorably, but rather inhibited. 


EXPERIMENT NO. 3 


A suspension of Str. cremoris (C37V) was prepared and divided into two 
parts. One was left without special treatment and the other was shaken by 
sonie vibration for 10 minutes, the object being to ascertain whether the 
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Fic. 2. Influence of autolyzed cells of Str. lactis 7 and 17 and Str. cremoris 37 on 
L. helveticus 12, L. casei 7 and 11. 


breaking-up of the cells actually has any significance or whether an untreated 
plain cell suspension would not be just as active. One ml. of different dilu- 
tions of the suspensions was added to 9 ml. milk or whey, bringing the final 
volume to 10 ml. The resulting culture media tubes were inoculated and 
then ineubated at 30° C. 
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wt LO ml mC whey 


Fig. 3. Influence of cell suspensions of Str. cremoris C37V on acid formation of 
L. casei 393 and Str. cremoris C37V in milk and whey. 


Str. cremoris extracts have no influence on the development of a culture 
of the same strain; but the L. casei is very favorably acted upon, and the 
disintegrated cells of Str. cremoris are far more potent than the whole cells 
(see fig. 3). 
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TABLE 1 


Endpoint of fermentation produced in milk to which cells and filtrates from cells 
of Streptococcus cremoris were added 


L. casei 334 | LL. casei 393 
Per Per 
Composition of media | cent | Days cent Days 
lactic | to | lactic to 
acid | eurdle | acid curdle 
formed | | formed | 
8.1 ml. skim milk +0.9 ml. physiol. saline ........... 1.38 3 0.19 Did not 
8.1 ml. skim milk +0.9 ml. suspension, sonic 
vibrated (A) 1.49 3 0.65 3 
8.1 ml. skim milk + 0.9 ml. plain suspension (B) 1.43 3 0.28 Did not 
8.1 ml. skim milk + 0.9 mi, Seitz filtrate of A .... 1.52 3 0.65 3 
3 0.25 Did not 


8.1 ml. skim milk + 0.9 ml. Seitz filtrate of B ..... 1.40 


A=sonie vibrated suspension, 3.19 mg. N/ml. 
B= plain vibrated suspension, 3.17 mg. N/ml. 


TABLE 2 


Endpoint of fermentation and growth produced in casein digest to which filtrates from 
cells of Streptococcus cremoris were added 


| - Streptococcus Lactobacillus Lactobacillus 
| cremoris C37V casei 334 | casei 393 
Composition of | Per | urpiaity | Per | rurpiaity | Pe | ‘rurbiaity 
media cent | cent cent 
lactie lactic lactic — 
acid | |_E_| acid | E acid | |_E_ 
| formed | Evontro: | formed | formed | 


Control. 4 ml. | 
casein digest, 

double strength, 
with 80 mg. glu- 
cose + 4 ml. sa- 
O.38 0.40 1.0 0.69 0.26 1.0 0.51 0.20 1.0 
ml. casein digest, 
double strength, 
with 80 mg. glu 
cose + 1.2 ml. fil- 
trate from A 
2.8 ml. saline ..... 0.52 | 0.48 0.56 0.51 2.5 
ml. casein digest, 
double strength, 
with 80 mg. glu- | 
cose + 2.4 ml. fil- 
trate from A + | | 
1.6 ml. saline 0.53 | 0.49 | 1.2 0.91 | 0.71 | 
ml. casein digest, | | 
double strength, 

| 

| 


2.7 0.80 60.61 3.0 


with 80 mg. glu- 
cose + 2.4 ml. fil- 
trate from B + } 
1.6 ml. saline... | 0.48 |044! 11 | 092 23 | 044 0.38) 1.65 
A=sonie vibrated suspension. 
B= plain suspension. 


100 
o/o transmission 


E = Extinction = log, 
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EXPERIMENT NO. 4 


The experiments so far described were concerned with the endpoint of 
fermentation ; but the crop of bacteria produced cannot be predicted from 
such data. Bacterial counts are difficult to evaluate in case of chain-forming 
rods, since an unbroken chain or a very long rod may produce one colony 
only as does a single short rod, when the plate method is used. Turbidity 
measurements were used in the present work ; they seem to give satisfactory 
results, provided the apparatus is operated with a range of about 60-25 per 
cent transmission or an extinction of 0.22-0.60, and provided a sufficient 
number of control tubes are being run simultaneously with the inoculated 
tubes. The apparatus used was an Aminco Photometer, Type F, equipped 
with filter 58. Obviously a clear medium must be used ; thus milk had to be 
abandoned and a casein digest containing one per cent glucose was used 
instead. The bacterial extract was prepared by shaking a suspension of 
cells for 30 minutes on the sonic oscillator, strain C37V of Str. cremoris being 
used. Besides studying the growth as determined by increase in turbidity 
the object of the present experiment was to determine whether the active 
principle would pass a filter. After inoculation the cultyres were incubated 
at 30° C. for 30 days. The turbidity was always measured in relation to the 
corresponding noninoculated medium, but containing the various additions. 
Simultaneously another experiment using skim milk as a basic medium was 
run for the sake of comparison. 


DISCUSSION 

There is no proportionality between the amount of growth and the end- 
point of fermentation. Yet it may be stated that for each single strain an 
inerease in endpoint always corresponds to an increase in growth through 
the range investigated. 

Figures 1 and 2 indicate definitely an increased development of all L. 
casei strains and of Betacoccus cremoris. The latter species is found in 
starters for butter-making together with Str. lactis and Str. cremoris. 
Although it develops scantily in pure culture in skim milk, it is found in 
starters, which have been transferred for years. The favorable influence of 
the cell content of the streptococci on the development of Betacoccus cremoris 
may be a significant factor. L. helveticus was not encouraged in the experi- 
ments here described ; but it must be remembered that skim milk is already 
a very good culture medium for L. helveticus and that a different result may 
have been obtained if another basic medium had been used for the study. 
The decrease in endpoint with very large additions of extracts was undoubt- 
edly caused by the fact that this organism is very sensitive to sodium 
chloride. Thus a somewhat distorted picture resulted when large amounts 
of autolyzed cells were added. (See figs. 1 and 2.) In the most striking 
case the final medium with 10 ml. extract of Str. cremoris 37 added per 100 
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ml. milk, contained 0.49 per cent sodium chloride. The two other extracts, 
of Str. lactis 7 and 17, had a smaller sodium chloride content per one per cent 
nitrogen, because the crops of these species were larger than those of Sfr. 
cremoris 37. 

Figure 3 shows that even the suspension of untreated cells of Str. cremoris 
C37V were somewhat active ; however the sonic vibrated cell suspension was 
very much more active towards L. casei. Two weeks intervened between the 
preparation of the sterile cell suspension and the starting of experiments 
No. 3 and 4, and some of the cell content may have passed into the surround- 
ing medium during the storage. The data presented show the importance 
of using rigorous methods for liberating the cell content, at least when strep- 
tococei are studied. 

The active principle seems to be filtrable as indicated by tables 1 and 2. 
The much greater activity of sonic vibrated suspensions as compared with 
control suspensions has also been demonstrated in this experiment. The 
strain L. casei 334 is less sensitive to additions than the other L. casei strains 
when acid formed is used as an indicator. The data in table 2 show that 
also with a casein digest medium stimulation of the L. casei strains measured 
either by turbidity or by acid formation can be demonstrated. Under the 
conditions of these experiments the growth was increased 2.7 times for L. 
caset 334 and 3 times for L. casei 393. 

In this work the nitrogen content of the various extracts was determined 
with the object of roughly standardizing the strength of the active prepara- 
tions. However the activity varied considerably and the nitrogen content 
is only a rough guide to the potency of the extracts. The endpoint of fer- 
mentation may, of course, vary a little with different lots of milk. Although 
this difference is usually insignificant the same lot of milk was always used 
throughout each single series of experiment. 


CONCLUSIONS 

1. Extracts of Streptococcus cremoris and Streptococcus lactis stimulate 
the development of Lactobacillus casei and Betacoccus cremoris (Strepto- 
coccus cilrovorus). Both the endpoint of fermentation and the final bac- 
terial crop are increased. However, no or only faint stimulation is observed 
when Stretococcus lactis and Streptococcus cremoris are grown in media 
enriched by their own cell content. 

2. Preparations of autolyzed cells or sonic vibrated cells are much more 
potent than non-treated control suspensions of killed cells. 

3. The active principle is filtrable through a Seitz filter EK. 

4. The stimulation of Lactobacillus casei by Streptococcus cremoris and 
Streptococcus lactis may play an important role in the ripening of cheese, 
where these species are found at first, then die and disintegrate and are fol- 
lowed by L. casei. Furthermore the phenomenon may be of importance in 


| 


976 P. ARNE HANSEN 


butter and cheese cultures where the two streptococci are found mixed with 
aromabacteria. 

5. The sonic oscillator is a valuable tool for the study of associated growth 
of microorganisms. 
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THE EFFECT OF VITAMIN A AND CERTAIN MEMBERS OF 
THE B-COMPLEX UPON CALF SCOURS* 


PAUL H. PHILLIPS, NORMAN 8. LUNDQUIST anp PAUL D. BOYER 


From the Departments of Biochemistry and Dairy Husbandry, 
University of Wisconsin, Madison, Wisconsin 


The causal factor or factors involved in ‘‘scours’’ in the early life of the 
calf have been largely considered to be bacterial in nature. There is little 
doubt that infectious agents are seriously involved and particularly so in 
the case of ‘‘ white scours.’’ That nutrition or the nutritive state of the calf 
is likewise of some importance in the course of such diseases has been taken 
for granted but little questioned. To our knowledge no specific nutritional 
researches have been made which would definitely indicate the role of nutri- 
tion as it relates to scours. Krauss and coworkers (4) have shown that the 
amount of carotene and vitamin A in the liver of the new-born calf is 
extremely low. It has long been known that colostrum milk is rich in vita- 
min A. Further, the funetion of vitamin A has always been associated with 
disease resistance. 

In view of these facts and the rather common appearance of diarrhea 
among calves of certain herds under our observation, a field study was made 
to determine the effect of vitamin A upon the control of scours in the new- 
born calf. 

Several herds which had been under observation for reproductive troubles 
first caused us to turn our attention to their ealf crop. Generally speaking 
the cows in these troublesome herds which were causing concern were low in 
vitamin C and responded to both vitamin C and A treatment (8). Calves 
from these herds had shown the following history: The calves were appar- 
ently normal at birth. They were able to nurse but usually went “‘ off feed’’ 
between the second and seventh days with early evidence of an effusive 
watery diarrhea, or scours. Frequently the feces bordered on the ‘‘ white’’ 
type of scours and not infrequently there was some evidence of hemorrhage. 
Often there was excessive lacrimation although this was not a constant 
symptom. The course of the disease usually went into pneumonia in its 
final stages and death from the latter cause. Before treatment was insti- 
tuted the disease proved to be fatal in 50 to 75 per cent of the cases and those 
which withstood the attack were greatly retarded in their development. 
Two herds, one a Holstein and the other a Jersey, were available for study 
together with a few isolated cases. In both herds the amount of milk fed 
was rigidly reduced with the onset of the diarrhea. In the case of the Jersey 

Received for publication June 24, 1941. 

1 Published with the approval of the director of the Wisconsin Agricultural Experi- 
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calves they were given regularly only 3 lbs. and the Holstein calves about 5 
lbs. milk each per day. The owner of the Holstein herd had appealed to the 
State Sanitation Laboratory for aid. Upon their recommendation the preg- 
nant cows were injected with a bacterin preparation before the calves were 
dropped and the new-born calves were immediately treated with the serum at 
birth. This routine had been in practice without favorable results for some 
two months prior to our vitamin A and C analyses and subsequent vitamin 
therapy. Carotene and vitamin A analyses were made with the Evelyn 
colorimeter using Kimble’s method (3). The constant for the conversion 
of the L values into gamma of vitamin A was obtained from measurements 
with pure vitamin A.* Vitamin C analyses were made according to the 
Mindlin and Butler method (6). 

Shark liver oil® containing 15,000 I.U. of vitamin A per gram was used 
as the source of vitamin A. It was fed in 5 ee. gelatin capsules at the rate 
of 10 ce. per week. In most cases the calves were fed for 2 or 3 weeks depend- 
ing upon their condition. 

RESULTS 


The Holstein calves were treated with shark liver oil. In general there 
was an immediate response as shown by the improvement in appetite and 
general appearance of the calves. Diarrhea was only partially controlled. 
There was some temporary improvement in all the treated calves. However, 
only about half of the calves recovered sufficiently to show no effects of the 
(lisease. Those which did not recover were subsequently treated with certain 
members of the B complex as described below. 

The second herd to be treated was a Jersey herd where the mortality was 
extremely high. Calf scour remedies were tried without success. Since we 
had not attained 100 per cent response in the Holstein calves to vitamin A 
administration it was decided to consider the administration of other vita- 
mins as well. Studies on the pathology of nutritional diseases had shown in 
our laboratory (9) that (1) a nicotinic acid deficiency caused diarrhea in the 
dog, (2) that a pantothenic acid deficiency caused marked congestion of the 
entire intestinal tract and diarrhea in both the rat and dog, often aeccom- 
panied by evidence of hemorrhage, and (3) that vitamin A deficiency like- 
wise caused diarrhea. On the basis of these studies with other species and 
at the suggestion of Dr. D. F. Green of Merck and Co., certain members of 
the vitamin B complex* were obtained and fed. From analyses for the 
various members of the vitamin B complex in milk it was estimated from the 
known requirement of other species that the calf (100 lbs. live weight) would 
require approximately 10 lbs. of milk daily to supply his vitamin B com- 


2 Determined by Dr. F. W. Quackenbush and H. L. Gottlieb. 

3 We are indebted to Bioproducts Inc., Astoria, Oregon, for the generous supply of 
shark liver oil and to Merek and Co., Rahway, New Jersey, for their generous supply of 
the crystalline vitamin B complex used in these experiments. 
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plex requirements. The first experiments on 6 Jersey calves indicated that 
nicotinie and pantothenic acids together with shark liver oil completely 
controlled the scours in these calves. Since the calves were on a reduced 
milk intake and the management desired to continue them thus, other mem- 
bers of the B complex were added. TT! +refore the results with these calves 
were obtained on nicotinic and pantothenic acid for the first two weeks and 
the other B vitamins added for an additional 2 weeks. These vitamins were 
given in weighed quantities in capsules once per week at the rate of : 


1 mg./day 
Pantothenic acid 


The results from these studies are shown in table 1. It is apparent that 
the vitamin A content of the blood plasma of these calves was low at the 
beginning of these experiments. There was improvement in their general 
health and a reduction in the number of cases of scours as the result of 
feeding small amounts of shark liver oil. The vitamin A content of the 
blood rose sharply as the result of vitamin A feeding and continued through- 
out the period that the calves were under observation. The rise in blood 
plasma A was accompanied by a rise in the ascorbie acid in those calves 
which were deficient in vitamin C at the beginning of the experiments. 

The vitamin B complex members which were given had an immediate 
and dramatic effect upon the calves’ diarrhea. With the addition of the 
B complex in the presence of adequate vitamin A the feces returned to a 
normal consistency within 12 to 24 hours. Mortality in these calves was 
reduced to zero. Calves subsequently dropped in these herds were treated 
either with colostrum or shark liver oil and a week or two week’s supply 
of the B complex given shortly after birth. No symptoms of scours devel- 
oped. The preliminary data with the Jersey calves indicated that nicotinic 
and pantothenic acids were the members of the B complex which were the 
effective ones. 

Some 8 to 12 cases of mild to severe calf ‘‘scours’’ in the University herd 
have since been treated with equal success. One case in particular is worthy 
of mention. A bull calf placed on a ration of mineralized whole milk con- 
taining Fe, Cu, Mn and Mg for a year developed stiffness. With the onset 
of stiffness a watery diarrhea began which continued for 4 or 5 weeks. This 
became increasingly worse. B complex capsules were administered at twice 
the rate given to the young calves. The diarrhea completely disappeared 
within 6 days with a marked improvement by the end of the third day. 

These studies raised the question as to the blood plasma content of vita- 
min A and C of the new-born calf. As many newly dropped calves as could 
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be obtained before suckling were bled and the vitamin A, C and carotene 
eontent determined. The results are summarized in table 2. It is evident 


TABLE 2 


Summary data on the average vitamin A, C and carotene values of the new-born calf 


= = = = D = 
Vitamin C (mgs./100 ec.) 15 53 4 .22 4 29 8 26 4 235 5 «30 
16 04 4 3 9 18 5 6.16 5 .18 
Carotene (y/cc.) ..--.. 18 05 4 4 20 7 21 3 18 5 «416 


that the blood ascorbic acid is extraordinarily high in the new-born calf. It 
is also evident that the vitamin A content of the blood was far below normal, 
and in the region where a vitamin A deficiency develops (2). By the end 
of 24 hours the vitamin C dropped about 50 per cent and the vitamin A 
values rose some 3 to 4 times its original value, thus both moved toward 
and into the normal range. If the calves were segregated into groups 
depending upon the ration of their dams, there was some evidence which 
showed that calves from cows on average winter rations carried 0.04 gamma 
of vitamin A per ce. as compared to 0.08 gamma per ee. for the calves from 
dams fed extra quality hay and silage with their winter ration. The data 
further indicate that the new-born calf was amply fortified with ascorbic 
acid and that it ingested and obtained large amounts of vitamin A from 
colostrum milk. Thereafter the blood plasma values for these constituents 
remained normal under average conditions. 


DISCUSSION 

These observations again emphasize that the liberal use of colostrum in 
feeding calves is good management since it supplies the early requirement 
for vitamin A in the ealf. 

These studies show that the growing calf benefits from the administration 
of certain members of the vitamin B complex. This may account for the 
results obtained by Newman and Savage (7), who showed that brewers yeast 
in ealf starters promoted greater growth in the young ealf. Bechdel and 
associates (1), Wegner et al. (10) and McElroy and Goss (5) have shown 
that the ruminating bovine obtains large amounts of the known members of 
the vitamin B complex through the activity of bacteria in the rumen. In 
the calf fed milk only, the rumen does not seem to provide optimum condi- 
tions for synthesis of the B complex or else the requirements of the growing 
ealf exceed the ability of the bacteria to synthesize the necessary amounts. 
It would seem likely that the rumen in the early life of the calf is not suffi- 
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ciently developed for the establishment of an adequate bacterial flora for 
the synthesis of the B complex. 
On the basis of this work further studies on the nutrition of the new-born 
calf are being made. 
CONCLUSIONS 


These studies indicate that the calf diarrhea encountered was largely 
nutritional in origin. The administration of high vitamin A potency shark 
liver oil and certain members of the vitamin B complex eliminated the 
diarrhea and the resulting mortality from pneumonia. Preliminary evi- 
dence would suggest that nicotinic and pantothenic acids may be the factors 
of the B complex which were lacking. 

New-born calves were found to be amply fortified with ascorbic acid but 
they were uniformly deficient in vitamin A. The ingestion of colostrum 
milk rich in vitamin A quickly brought about normal blood plasma levels. 
The ration of the dam only slightly influenced the amount of vitamin A 
found in the blood plasma of the new-born calf. Winter rations tend to 
reduce it while rations with ample carotene or fortified with vitamin A tend 
to raise it. Low ascorbic acid values in the blood plasma were increased by 
feeding shark liver oil rich in vitamin A. 
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ESTIMATION OF INITIAL LIVE WEIGHT AT EACH 
LACTATION OF DAIRY COWS! 


W. L. GAINES 
IUlinois Agricultural Experiment Station, Urbana 
H. P. DAVIS anp R. F. MORGAN 
Nebraska Agricultural Experiment Station, Lincoln 


For the purpose of this paper it is accepted that an estimate of live weight 
ot the cow should be an integral part of each lactation record in all milk 
recording work. With reference to D.H.I.A. work, and other systems based 
on periodic visits of a tester, there are advantages to the routine in which 
the tester estimates the live weight of each cow that has calved since the last 
test of the particular herd. In connection with the subsequent lactation 
record of the cow, this estimate is designated as initial live weight. Such a 
record of initial live weight will serve the most important needs with a 
minimum of effort for the tester—a necessary consideration in view of the 
multitude of detail he has to look after. 

The primary object of this paper is to develop and present a method of 
estimating initial live weight by use of a linear measurement of chest girth. 
Ragsdale, Brody, Davis, Morgan (1, 2, 3) have heretofore published tables 
for estimating live weight in pounds (W) of female dairy cattle from chest 
girth in inches (G) based on application of the equation, W = aG”, to a total 
of 15,610 pairs of girth-weight measurements, in a large number of sub- 
divisions by age and breed of animal. The observations were made at the 
Missouri and Nebraska Stations. 

In the present paper, the Nebraska observations are reexamined from 
the special point of view of estimating initial live weight (initial weight in 
distinction to final weight, average weight, miscellaneous weight, undefined 
weight). Ample evidence has accumulated showing that initial live weight 
is a very important datum in the biological consideration of milk production 
problems. This paper proceeds from the foundation of the previous work 
cited to develop the detail of a plan of estimating initial live weight of each 
cow at each lactation, adapted to practical use in D.H.I.A. and other milk 
recording work. 

Received for publication June 28, 1941. 

1 This paper is the result of a cooperative arrangement between the Nebraska and 
illinois Stations, whereby the chest-girth and live-weight measurements made at the 
Nebraska Station over the past 19 years have been utilized at the Illinois Station to derive 
a formula for the purpose of estimating live weight from chest girth at one particular 
stage of lactation, namely, within the first 31 days after calving. Printed with the ap- 


proval of the Director of the Nebraska Agricultural Experiment Station as Journal Series 
292; and with the approval of the Director of the Illinois Agricultural Experiment Station. 
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EXPERIMENTAL OBSERVATIONS AND ANALYTICAL PROCEDURE 


The observations used in the present paper were made at the Nebraska 
Station, from 1922 through 1940. Measurements of chest girth and live 
weight (and many other items not here utilized) were made at approximately 
the middle of each calendar montli for the 19 years indicated on cows in the 
Nebraska Station herd. At the Dlinois Station the girth-weight data have 
been transeribed to punched ecards, one card for each lactation, starting with 
the first observation after calving in each lactation and continuing month 
by month thereafter as long as the succession was not interrupted up to and 
including the tenth month after calving. As the data are used this is the 
limit of capacity for a single card. As indicated, the primary concern of 
this paper is with the first observation after calving, to estimate initial live 
weight. 

From the tables previously cited, it is known that both age and breed 
affect the girth-weight relationship. For example, a mature Holstein weighs 
about 200 pounds more than a 2-year-old Jersey of the same chest girth. 
Serutiny of the tables and other considerations suggest age distinctions, 
sufficient for practical purposes, as follows: Cows under 3 years of age 
(< 3 yrs.) ; cows 3 or 4 years of age (3, 4 yrs.) ; cows 5 years of age or older 
(5,+yrs.). Age is reckoned as of date of measurement, that is, the age 
increases with advance in lactation are recognized. 

Study of the previous tables cited suggested the possibility of combining 
the many equations in a single one, W=a (G+@)”, in which g is an age. 
breed girth modifier, and still retain the accuracy of weight estimate asso- 
ciated with the age-breed distinctions. Indeed, if there were a single, 
known, true value for b, the single new equation using this true value of b, 
would be better than the many old equations, for general application. That 
is, while any one of the old equations is the best fit to the particular set of 
girth-weight observations from which it is derived it is not the best general 
equation for other similar observations if its b differs from the true value of b 
assumed to exist. It might be assumed from geometrical considerations 
(volumes of similar solids vary as the third power of corresponding linear 
dimensions) that the true value of b is 3. The old equations show, however, 
that the exponent 3 does not hold within age-breed groups. It may be 
doubted, therefore, that there is any single true value of b, valid for all age- 
breed groups. Nevertheless, it may be possible to select a single compromise 
value for b, applying satisfactorily to all age-breed groups, for the practical 
purpose of estimating initial live weight. If such a satisfactory value of b 
can be selected it is a simple matter to find the rest of the new equation, 
numerically. Our first step is to find the value of b from the observations 
of girth and weight for each of the age-breed groups for the first month of 
lactation. 


LACTATION OF DAIRY COWS 8D 


Three formulas which may be used to compute the value of b in the equa- 
tion, W =aG", are as follows: 


_n[S (log G) (log W) | — (S log G) (S log W) 


1b ~ nS (log G)?— (S log G)? 
p, [8 (G*) (log @) (log W) | [S (G*) (log @) | [8 (G*) (log W) | 
= SG" [S (log G)?] (log G) | 
3. p, _nSGW - (SW) (SG) ]/SW 


The first formula is the usual way of computing b. It minimizes 
S (dog W,-log W.)? or S [log (W,/ W.) ]*, where W, is observed W, and 
W,. is W computed by the fitted equation. It is the correct least-squares 
procedure, if we speak in terms of logarithms of the observations and not the 
observations themselves, and if G is considered to be without error. 

The second formula, from Deming (4, page 147 and corrected page 143) 
minimizes S (W,—W.)*. It is the correct least-squares procedure, if we 
speak in terms of the observations themselves (not their logarithms) and if 
G is considered to be without error. Since b itself is involved in this formula 
a necessary first step is to choose a value for b which is not too far from the b 
which is finally found by formula 2. This first approximation of b may be 
gotten by any method that gives a fair approximation. To hold G*® within 
bounds any constant multiplier may be introduced, such as .00001. 

The third formula is an approximation derived as follows. <A straight 
line, W =a’ +b’G, is fitted to the observations by least squares. The slope 
of this line is b’. The slope of W=aG? is baG”* and this is taken at the 
mean girth (G) to be the same as that of the straight line. Then baG®' = b’, 
or multiplying through by G, baG’=b’G. Next it is taken that the fitted 
power equation gives a value of W at the mean girth (G) which is the same 
as the observed mean weight (W), whence aG® = W. Substituting and trans- 
posing, b=b’(G/W). In formula 3, SG/SW is substituted for G/W. The 
remainder of the formula, the part in square brackets, is simply a least- 
squares expression for b’. The formula is thus set up for efficiency in ma- 
chine computation (including the electrically controlled punched card ma- 
chines) dealing directly with the observations, and avoiding logarithms. 

It is presumed that formula 3 may be used safely where the amount of 
curvature involved in W=aG" is not too great. Among the groups with 
which we are here dealing, the Jersey < 3 vears records may be expected to 
involve the greatest amount of curvature. As a test of the applicability of 
formula 3, all 3 formulas have been applied to the 68 pairs of girth-weight 
measurements of this group, with the results: b; = 1.799 ; be = 1.795; bs = 1.789. 

If we are concerned with a least-squares solution of b in terms of the 
observations themselves (not their logarithms) we find, in this particular 
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ease, b= 1.795. Accordingly, formula 1 is to be regarded as an approxima- 
tion which gives b = 1.799, an error of 4 in the third decimal ; while formula 
3, frankly an approximation at the outset, gives b = 1.789, an error of 6 in the 
third decimal.” 

TABLE 1 


Value of b in the equation, W=aG» (heavy face), and number of pairs of girth-weight 
measurements (light face) according to breed, age, and month of lactation 


Ayrshire Guernsey Holstein Jersey 
Month <3 3,4 5+ <3 3,4 5+ <3 3,4 5+ <3 3,4 5,+ 
yrs. yrs. yrs. yrs. yrs. yrs. yrs. yrs. Yrs. yrs. yrs. yrs. 


1 2.07 2.23 1.02 2.01 199 222 1.61 1.82 1.98 1.79 1.71 1.87 


61 53 11 34 26 2 112 126 79 68 7 22 

2 2.23 1.80 1.50 2.05 184 minus 1.82 189 1.86 1.96 2.00 226 
55 50 9 32 26 2 104 125 76 65 67 20 

3 2.08 2.09 1.61 2.10 2.11 minus 191 223 1.89 1.84 1.89 2.55 
52 47 9 30 26 2 95 126 76 61 63 21 

+ 2.43 2.19 2.25 2.07 2.28 191 2.31 1.69 2.14 1.99 2.36 
51 43 9 27 25 1 77 ~=—:132 77 58 58 23 

5 2.17 2.36 2.40 2.21 1.78 0.31 1.93 2.17 1.55 2.33 1.90 2.20 
47 42 8 24 23 2 61 140 74 55 59 22 

6 2.51 2.33 2.93 2.26 2.23 1.38 2.08 2.41 1.85 1.89 1.99 2.34 
44 44 7 2% 21 4 54 137 74 50 60 17 

7 86 2.16 2.91 2.65 2.24 1.83 1.93 2.13 1.75 1.86 1.81 1.80 
41 44 7 21 18 6 47 136 70 2 63 18 

8 1.75 2.49 2.75 174 235 2.64 2.13 2.12 1.83 2.02 1.86 2.03 
37 41 9 18 19 7 37133 75 40 59 19 

i) 1.92 2.16 2.66 163 1.83 2.77 2.22 2.02 1.99 2.19 1.69 1.58 
29 41 12 13 24 + 27) «133 73 35 56 25 

10 2.32 228 2.83 115 0.92 2.23 2.08 2.17 1.75 2.21 1.64 1.85 
22 45 10 10 26 4 17. s«i181 76 23 63 19 

. 2 2.14 2.01 1.22 2.03 1.89 1.58 1.71 1.86 1.93 1.85 183 2.05 
116 1038 20 66 52 4 216 «#251 «155 133 (138 42 

3, 4 225 2.14 1.97 2.07 220 minus 191 227 1.78 1.98 193 245 
103 90 18 57 5 3 172 258 81538 119 121 44 

5, 6 2.30 2.35 2.65 2.24 192 1.27 2.01 2.28 1.70 2.05 1.94 2.25 
91 86 15 47 44 6 115 277 148 105 «119 39 

7, 2 182 231 2.82 2.22 2.29 2.10 2.02 2.12 1.79 1.94 1.83 1.90 
78 85 16 39 37 13 84 269 145 2 122 37 

9, 10 2.11 2.21 2.76 139 127 2.46 2.15 2.10 1.86 2.20 1.67 1.67 
51 86 22 23 50 8 44 264 149 58 119 44 


All 10 219 224 236 2.11 1.91 £1.95 189 213 1.83 2.04 1.83 2.08 


All 10 2.32 2.23 2.10 2.08 
(all 980 500 2700 1322 
ages) 


2In the present case all 3 formulas give essentially the same result, presumably 
because the amount of curvature involved in the power equation is not great. If, however, 
all ages from birth to maturity (e.g., 2, fig. 5) with the associated wide range in size of 
animal are thrown together, formulas 1 and 2 may give (and in the instance cited do give) 
very different values of b. (Incidentally, a similar situation may develop in expressing 
‘*basal metabolism’’ as a power function of live weight when animals of widely varying 
live weights, from ‘‘mouse to elephant,’’ are thrown together.) Relatively speaking, 
formula 1 is more sensitive to deviations at low values of G and formula 2 is more sensi- 
tive to deviations at high values of G. 


5 $39 450 9] 232 234 34 631 1319 750 497 619 206 
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For present purposes it seems that the use of formula 3 is fully war- 
ranted, to avoid the extra labor involved in using formulas 1 or 2, applied 
to the individual pairs of girth-weight measurements. Formula 3 has been 
used to compute the value of b for each of the several age-breed groups by 
stage of lactation and the values of b thus derived are given in table 1, to- 
gether with the respective frequencies. In figure 1 the b values are plotted 
against stage of lactation to bring out any trends in b with advance in 
lactation. 


INITIAL LIVE WEIGHT EQUATION 


The values of b in figure 1 show more or less distinct trends with advance 
in lactation. For purposes of estimating initial live weight it appears de- 
sirable, therefore, to deal with observations at an early stage of lactation, 
rather than to include all 10 months. On the other hand, the greater the 
number of observations the more reliable the resulting equation, other things 
being equal. A compromise is made by using the first two months of lacta- 
tion in deriving an initial weight equation. 
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ALTER CALVING - MONTHS 

Fic. 1. Values of b in the equation W = aG> by stage of lactation for each of the age 
breed groups. The solid circles connected by straight lines represent two-month periods. 
The open circles represent one-month periods, but do not include values which fall outside 


the limits 1.6—2.4. 


From the data of table 1 and figure 1, it is concluded that the compromise, 
b = 1.85, is fairly applicable to all groups, for the particular purpose of esti- 
mating initial live weight. From table 2 the Jersey < 3 years group has 
an average weight of 819 pounds and average girth of 67.1 inches and a is 
computed as a= 819/(67.1)'*° =.342. As a general equation, we now have 
W =.342 (G+g)**° where g=0 for the Jersey < 3 years group. The girth- 
weight table of figure 2 is derived from this equation. 

For the Jersey 3,4 years group the average weight is 922 and the average 
girth is 69.6. The (G+) value corresponding to 922 in figure 2 is 71.5 and 
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TABLE 2 


Average chest girth, G, in inches and average live weight, W, in pounds 


Month or months of lactation 


Breed Age — 
First one First two First ten 
years G WwW G Ww G W 
Ayrshire <3 71.2 976 71.2 970 71.6 1003 
do 3,4 74.0 1104 73.7 1092 74.4 1121 
do 5, + 76.1 1135 76.2 1132 76.3 1164 
Guernsey <3 70.0 928 70.1 931 71.0 968 
do ee 3,4 74.5 1073 74.2 1077 74.6 L108 
do — 5,+ 75.6 1206 76.4 1198 76.1 1177 
Holstein <3 76.6 1214 76.4 1208 76.2 1215 
do 3,4 80.1 1362 79.7 1348 79.5 1341 
do 5, + 81.7 1431 81.4 1421 81.4 1424 
Jersey <3 67.3 819 67.1 819 67.4 840 
do 3,4 69.8 923 69.6 922 69.7 930 
do 3, + 72, 995 72.3 976 72. 984 


accordingly the g value for this group is 71.5 —69.6=1.9, or 2 as given in 
figure 2. The value of g for each of the other age-breed groups is computed 
in a similar way. The device of figure 2 thus affords a compact table for 
estimating initial live weight from a chest girth measurement, recognizing 
age-breed groups.°* 

DISCUSSION 

The diagram of figure 3 is presented to explain in more detail the prin- 
ciples involved in the present girth-weight equation. In it log W is plotted 
against log G as a straight line for each of two groups. It is clear that if 
these two lines have the same slope (the same value of b in the girth-weight 
equation) they may be made to lie on a common straight line by shifting the 
horizontal seale; likewise for any number of group lines of the same slope. 
It is the function of g in the equation to take care of this horizontal shift. 
The principle involved is rigorously valid if a single known value of b ap- 
plies to all groups. It may be practically valid by using a compromise value 
of b, as in the present treatment. 

If b is chosen too large the equation will overestimate live weight at large 
girths and underestimate it at small girths. If b is chosen too small an 
opposite situation will prevail. From table 1 and figure 1 it appears that 
the observed b is not larger than 1.85 for the initial data of the Holstein and 

3 Obviously age-breed differences in the girth-weight relationship must have an 
anatomical basis. The question arises, can g in the equation be based on some measurable 
dimension index (such as spring of rib) instead of age-breed, thus putting the weight 
estimate on a more accurate basis with respect to the individual cow? If such a dimension 
index is used to determine g the observations should be classified by this index (instead 
of age-breed) to determine the equation. That is, the index should be substituted for age- 


breed all the way through. The present use of age-breed is regarded as an expedient to 
be used until it can be replaced by a better system. 


| 
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5 2 4 4 6 
475 666 886 @ 1134 1411 
493 687 910 1 1161 1440 
511 708 934 2 1187 1469 
so 60 «670 so 
530 729 958 3 1214 1499 
$48 982 4 1242 1529 


$67 773 1007 § 1269 1559 
586 795 1032 6 1297 1589 
606 817 1057 7 1325 1620 
626 840 1082 8 1353 165! 
1382 1683 


Fie. 2. Photograph of 96-inch steel tape rule and table for estimating initial live 
weight of cow from her chest girth. The tape has a )-shaped blade, 4 inch wide. In 
operation the blade is withdrawn and the case end dropped over the back of the cow, thus 
flexing the blade which permits reaching the case from underneath the chest and completing 
the chest-girth measurement. (The blade does not flex freely under its own weight.) The 
tape is drawn under a force of about 3 pounds to encirele the chest in the region immedi- 
ately back of the shoulders or region of smallest girth, and the girth read to the closest 4 
inch. This actual girth is then modified by addition of the age-breed factor indicated and 
the corresponding weight, in pounds, is read from the table, interpolating for the half 
inch, where necessary. The table is not to be used until the actual girth has been modified 
as indicated. Preliminary evidence indicates that the girth modifiers for Holstein cows 
should be used also for Brown Swiss and Milking Shorthorn cows. The tape pictured is a 
stock article of trade, except for the printed matter. It would be possible to ineorporate 
the table on the blade of the tape, replacing the standard inch graduations with the appro- 
priate weight figures, and supplementing the first end of the blade with an extension to 
take care of the girth modifier feature, thus providing a direct-reading girth-weight tape 
adapted to breed and age of cow. 


Jersey breeds. The Ayrshire and Guernsey initial data suggest the ex- 
ponent 2.00 rather than 1.85. If the present observations are representative 
of these two breeds the table of figure 2 (based on the exponent 1.85) will 
tend to overestimate weights at small girths and underestimate weights at 
large girths. The magnitude of this bias (if 2.00 is the correct exponent) 
is given by the fraction [ (G+ 2)/(G@+g)]"°. At the mean girth there is 
no bias; at G+¢=70 and G +¢=80, which would be an extreme case, the 
correct (exponent 2.00) weight is .98 [= (70/80):**] of the weight by figure 2 
(exponent 1.85). That is, the weight is overestimated by 2 per cent at this 
point. 


7 
‘ | 

\ 

\ 

\ 

4 


990 W. L. GAINES, H. P. DAVIS, AND R. F. MORGAN 


HOLSTEIN $.+ Yrs. / 
SLOPE = 1.85 


ALL RECOROS / 
SLOPE = 7. 


VERSEY £3 VPS. 
SLOPE = 1.86 


406 LIVE WEIGHT —> 


£0G CHEST G/RTH ——> 

Fig. 3. Diagram to illustrate the principles involved in the girth-weight equation, 
W=a(G+g)>. After selecting the compromise, b = 1.85, g is taken as zero for the Jersey 
< 3 years group and a is computed to make the equation line go through the observed mean 
girth and weight (cross) for this group. The observed mean weight (cross) of the 
Holstein 5,+ years group is then shifted onto the equation by the term, g, and other groups 
are treated in a similar way. Any group may have an observed b (table 1) somewhat 
different than 1.85 and hence can be shifted onto the equation at only one point. The 
observed mean weight is used as this point. 

If all groups are thrown together the regression turns on the total mean girth and 
weight (circle) and tends to go through or close to the group means (crosses). In the 
diagram it has a slope of 3 which is about what is found in actual lumped observations. 
This is in conformity with the 3d power rule relating linear dimensions and volumes. On 
the basis of the experimental evidence of the total data and the geometrical considerations 
what could be more natural than to say that the 3d power rule is a general law relating 
girth and weight? But we have seen such a law does not hold within groups—a striking 
demonstration that the regression within groups may be quite different than the regression 
in total. The lesson may be taken into many other data, for example, if ‘‘ basal metabo- 
lism’? is related to live weight including species from ‘‘ mouse to elephant’’ a beautiful ‘‘ 7 
power rule’’ is revealed. One should be on guard about presuming that the same rule 
holds within species. 
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In a previous paper (5) live weight was estimated by the so-called New 
York tape, which is supposed to apply without regard to breed, age, stage 
of lactation, ete. The origin of this scale is unknown to the writers, but it 
conforms quite closely to a power equation with exponent 2.85. The differ- 
ence between the scale of the New York tape and that of the Nebraska-I]li- 
nois tape, figure 2, is very serious as the following numerical comparison 


shows : 
Chest girth, inches 50 60 70 80 90 
Live weight, New York tape, pounds 388 656 1055 1502 1951 
Live weight, (Holstein; < 3 years 586 795 1297 
Neb.-Ill. tape, | Holstein; 5, + years 863 1108 1382 1683 
(fig. 2), Jersey; < 3 years 475 666 886 1134 
pounds Jersey; 5, + years 708 934 1187 1469 


As compared with the present scale, figure 2, the scale of the New York 
tape grossly overestimates the weight of large cows and grossly underesti- 
mates the weight of smal! cows. The magnitude of this bias may amount 
to 20 per cent or more. 

A similar fault is bound to occur in any single scale derived from mixed 
breed, age, stage-of-lactation data. The fault arises in the fact that the re- 
gression of weight on girth is distinctly different within groups from what 
it is in total. This is especially prominent with respect to breed groups, 
less so with respect to age groups. The difficulty may be appeased by use 
of separate equations or by use of girth modifiers as in figure 2. Hopefully 
it may be overcome along the line suggested in footnote 3. 


SUMMARY 


An equation is derived for estimating initial live weight (live weight 
within 31 days after calving, in distinction to live weight at other or mixed 
stages of lactation) from chest girth. The equation is W =.342 (G+g)***, 
where W is initial live weight in pounds, G is actual chest girth in inches 
and g is a girth modifier for age and breed of cow, being zero for Jersey cows 
under 3 years of age and ranging up to 9 for Holstein cows 5 years of age or 
older. The equation permits a compact girth-weight table which is im- 
printed on the case of a steel tape rule used to measure the chest girth. As 
compared with the present girth-weight scale the scale of the New York 
girth-weight tape grossly overestimates the weight of large cows and grossly 
underestimates the weight of small cows, as much as 20 per cent. This fault 
of the New York tape is inherent in any formula derived from mixed data, 
with respect to breed, age, stage of lactation, and gestation. 
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782. Repeatability of Type Ratings in Dairy Cattle. Leste E. Jounson 
anp Jay L. Lusn, Iowa State College, Ames, Iowa. 


Ratings for type in the Towa State College Holstein-Friesian herd ac- 
cording to methods intended to be like those of the official voluntary type 
classification and extending over an eight-year period were examined for 
repeatability and other characteristics. The average repeatability was .34 
among ratings by experienced judges who did not know the herd. This is 
about the same as the usual intra-herd repeatability of production records. 

Ratings made before the animals were one year old were less reliable 
than later ones but there was little increase in repeatability after the animals 
had passed one year of age. 

Ratings in consecutive years were but little more alike than ratings sepa- 
rated by two or more years. 

Changes in the udder and in the general health of the cow appeared to be 
the chief causes of large shifts in the rating. 


783. The Effect of Natural Milk Enzymes, Acid, and Salt upon the Keep- 
ing Quality of Butter Stored for Six Years. B. J. Scuem, C. N. 
Stark AND E. 8. Guturie, New York State Dept. Agr. and Markets, 
Albany ; and Cornell University, Ithaca, N. Y. 


See JouRNAL or Darry Science, 24, No. 6: 545. June, 1941, for abstract. 


784. Superheated Soft Curd Milk. J. L. Dizixes anp F. J. Doan, Pennsy!- 
vania Agr. Expt. Sta., State College, Pa. 


A method of producing soft curd milk by condensation, heat coagulation 
and homogenization, having a curd tension value of zero and digestion 
characteristics approximately equal to evaporated milk, is described. This 
product has been designated ‘‘superheated soft curd milk.’’ When properly 
prepared it will exhibit digestion characteristics (in vitro) closely approach- 
ing those of human milk. It would require no boiling in the home and would 
offer fluid milk dealers, equipped to make it, a fresh milk product capable of 
competing with evaporated milk as far as digestibility is concerned. 


785. Various Oils and Fats as Substitutes for Butterfat in the Ration of 
Young Calves. T. W. Guuiickson, F. C. Fountare anp J. B. 
Fitcu, Division of Dairy Husbandry, University of Minnesota. 
Feeding tests were conducted to compare the feeding value for calves of 
the following fats and oils: butterfat, lard, tallow, coconut oil, peanut oil, 
A315 
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corn oil, cottonseed oil and soybean oil. The effect of a fat-poor diet also was 
determined. 

A total of 47 young calves was used ranging in age from 6 to 29 days 
when placed on experiment. Their average age at start was 12 days. Each 
oil or fat was added to skim milk, homogenized to form a product containing 
3.5 per cent fat and fed along with a low fat content concentrate mixture, 
cod liver oil, and usually some alfalfa hay. 

One control group was fed normal whole milk, not homogenized. Test 
periods ranged from a few days to about six months in length. 

In average daily gain in weight as well as in general appearance and 
well-being, the calves fed butterfat excelled those in all other groups. Fol- 
lowing closely were those receiving lard and tallow. Corn oil, cottonseed oil 
and soybean oil were the least satisfactory. The average daily gains of 
calves in the various fat fed groups were as follows: 


Butterfat 1.30 pounds 
Tallow 1.24 pounds 
Coconut oil .96 pounds 
Peanut oil .80 pounds 
Corn oil 40 pounds 
Cottonseed oil .31 pounds 
Soybean oil 82 pounds 


The calves in the three latter groups appeared unthrifty, listless and 
emaciated. Some calves in these groups died and others were saved only by 
changing to whole milk or reducing the amount of the oil fed. 

Post-mortem examinations showed considerably more fat deposited in 
calves fed butterfat than in those receiving other oils or fats. 


786. Further Studies on the Use of Salt for Improving the Quality of 
Cream for Buttermaking. F. E. Netson, W. J. CAULFIELD AND 
W. H. Martin, Kansas Agr. Expt. Sta. 


Laboratory and farm studies showed that the placing in the container 
at the beginning of seven- and ten-day collection periods of sufficient salt 
to give a concentration of 10 or 13 per cent in the fat-free serum of the cream 
at the end of the collection period resulted in marked improvement of the 
quality of the cream. Butter made from such cream or from cream to which 
the same amounts of salt had been added to the total amount of cream before 
a ten-day holding period at 70 or 82° F. began graded from one to five points 
higher than butter made from cream handled under the same conditions 
with no salt added. Less protein degradation (as shown by formol titra- 
tion) and less development of acidity occurred in salted cream than in un- 
salted. The organoleptic grade on salted cream always was ‘‘sweet’’ or 
‘*first,’’ whereas the grade on unsalted control cream always was at least one 
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grade lower than that of the corresponding salted cream and frequently was 
two grades lower. The salt affected the microflora of the cream both quali- 
tatively and quantitatively. Maximum total bacterial counts of salted cream 
were considerably below those of unsalted cream. Acid-forming bacteria 
grew but little in the presence of the salt. Development of yeasts and molds 
appeared to be prevented completely. Large paired and clumped cocci and 
a few sarcina constituted the dominant flora of creams to which salt had 
been added. Salted cream apparently is non-corrosive to stainless steels of 
the types tested. Dairy metal and tinned copper were found to be subject 
to noticeable corrosion by salt-containing cream and probably would not be 
suitable materials for equipment used in collecting and processing such 
cream. 

Addition of salt to cream offers an apparently feasible method for im- 
proving the quality of much of the butter manufactured in certain areas. 
Acceptance by regulatory officials and by creamerymen must be obtained 
before the method can be placed in the hands of the cream producer. 


787. A Proposed Score Grade Method of Determining the Quality of 
Milk. P. A. Downs, University of Nebraska, Lincoln, Nebraska. 


A new method of determining the quality of milk by scoring is proposed 
which will follow very closely the standards and ideas set forth in the Hand 
Book of Official United States Standards for quality of creamery butter. 

This proposal is the beginning effort to unify the grading or scoring of 
the four (4) major products with a maximum and minimum score at a single 
level. As far as possible it is hoped that terms for all major dairy products 
ean be simplified as suggested in this proposed scoring grade method of 
determining the quality of milk. 


788. Size of the Rabbit Mammary Gland with Successive Lactations. 
A. A. Lewis ann C. W. Turner, Univ. Missouri, Columbia, Mo. 


It was thought that the rabbit might illustrate the influence of mammary 
gland development in dairy cows as a cause of the increase in milk produc- 
tion with sueceeding pregnaucies. This increased production is greater than 
can be accounted for by the increase in body weight. The lateral extension 
of the mammary glands in succeeding lactations was compared in rabbits 
with lines tattooed in the skin at the lateral extent of the mammary glands 
early in the first lactation. In eleven succeeding lactations only one case was 
. found in which the mammary glands on one side extended past the tattoo 
line. The lateral extent of the glands did not increase in the other cases. 


789. The Reversibility of Oxidative Inactivation of Milk Lipase in Rela- 
tion to Its Activity in Cheddar Cheese. I. Hiynxka ann E. G. 
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Hoop, Science Service, Department of Agriculture, Ottawa, 
Canada. 


The effect of three different reducing systems on oxidized milk lipase was 
studied. The lipase was inactivated by aeration alone or aeration and addi- 
tion of copper. The systems were: (1) the endogenous reducing systems of 
deaerated milk, (2) ascorbic acid, (3) cysteine. The relation of these sys- 
tems to those in cheddar cheese and of the inactivation of lipase to rancid 
flavour is diseussed. 

Portions of the same milk were aerated, aerated-deaerated (cysteine or 
ascorbie acid added before or after), and deaerated. The milk was ineu- 
bated for 4 days at 5° C. and the extent of lipase activity was determined 
by titration of the fat phase. 

Milk lipase was protected from oxidation by the exclusion of air while 
aeration and 0-8 p.p.m. Cu destroyed it. Deaeration of aerated milk re- 
stored some of the activity of oxidized lipase but deaeration of aerated milk 
to which Cu had been added did not. Ascorbic acid gave inconclusive 
results. Cysteine showed definite reversibility of oxidatively inactivated 
lipase with or without the addition of copper. 


BACTERIOLOGY 


790. Differential Staining of Living and Dead Yeast Cells. D. R. Mitts, 
Oregon State College, Corvallis, Ore. Food Res., 6, No. 4: 361. 
July-Aug., 1941. 


Methylene blue, methyl green and erythrosin were found to give a skarp 
distinetion in staining between living and dead yeast cells. A solution eon- 
taining 1: 10,000 methylene blue is recommended for differential staining. 
The authors state that plates do not give representative counts of the number 
of living cells in a fermenting culture but merely the number of reproducing 
cells, while the proposed staining method produces a rapid and accurate 
estimate of all viable cells. F.J.D. 


791. A Study of the Germicidal Action of Ultraviolet Light. I. Use of 
Ultraviolet Rays in Vegetable Hydrocoolers. F. R. Smiru anp 
R. L. Perry, Univ. California, Davis, Calif. Food Res., 6, No. 4: 
345. July-Aug., 1941. 


The portion of this study of possible interest to the dairy industry was 
that wherein liquids were treated with ultra-violet light radiations from 
lamps submerged in the liquids. This treatment increased the germicidal 
effectiveness of the lamps with turbid liquids. At low temperatures, how- 
ever, the activity of the light was diminished due to a decrease in the energy 
coming from the lamps. F.J.D. 


| 
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BOOK REVIEWS 


792. Textbook of Bacteriology. Epwin 0. Jorpan ANd WILLIAM Bur- 
rows. Thirteenth Edition. W. B. Saunders Co., Philadelphia. 
1941. 731 pages, illustrated. Price $6.00. 


The present edition of this book represents a complete revision of the 
previous edition. The first 11 chapters deal with general bacteriology. Two 
chapters are devoted to immunity and the following 23 to pathogenic micro- 
organisms, their morphology, physiology, and various characteristics of 
medical significance. Additional chapters discuss the virus, virus diseases 
of man, bacteriophage and the Rickettsiae. 

One new departure carried out in this edition is the elimination of chap- 
ters devoted to highly specialized fields such as soil, industrial and dairy 
bacteriology and their incorporation with other materials into a chapter on 
bacterial physiology. Such an approach undoubtedly will find favor with 
the instructor who emphasizes bacteriology from the medical standpoint and 
is interested in the great number of industrially important microorganisms 
only because of their purely scientific significance. This arrangement may 
limit somewhat the value of the book to those who in their teaching desire 
to emphasize equally the medical and industrial phases of microbiology. 

This book is intended primarily for students interested in the medical 
aspects of bacteriology and in this respect is well written and up to date. 
Water and milk and other foods are considered primarily from the stand- 
point of their importance in transmission of disease. The subject of im- 
munity, including recent knowledge on immunochemistry and the nature 
and medical significance of the filterable virus, is discussed in detail. Where 
subject reviews are available, the author has attempted to supply these and 
where such reviews are not available the discussions in the text have been 
expanded to briefly review them. Numerous references are supplied for 
statements cited in the discussions. P.R.E. 


793. Biological Stains. H. J. Conn. Fourth Edition. Biotech Publica- 
tions, Geneva, New York. 1941. 308 pages. Price $3.40. 


The fourth edition of this book maintains the high standard set in the 
three previous editions. A careful revision has been made to bring all state- 
ments up to date and to correct any errors occurring in the other editions. 

Thirteen new dyes are included among which are chlorazol black E, 
important as a general purpose stain, and the series of thiazol dyes now 
being employed in fluorescent microscopy. 

For the information of those not familiar with earlier editions of this 
book it is sponsored by the Commission on Biological Stains, an independent 
organization affiliated with the National Research Council. Ineluded are 
chapters on the history of staining, general nature and classification of dyes, 
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the spectro-photometric analysis of dyes and theory of staining. Six chap- 
ters are devoted to discussions of individual dyes and related groups of dyes. 
The discussions include chemistry of the dyes and the suitability of the dyes 
for various biological purposes. 

Other useful information is supplied in a series of tables that list impor- 
tant stains, their nomenclature, synonyms, application and bibliographic 
references. Methods for evaluating dyes as biological stains are also de- 
scribed. Numerous references to original articles are provided. P.R.E. 


BREEDING 


794. Achondroplasia in Calves. Graypon W. Branpt, Ohio State Univer- 
sity, Columbus, Ohio. Jour. Hered., 32, No. 6: 183-186. 1941. 

The literature dealing with achondroplasia in cattle is reviewed and two 

cases of achondroplasia are reported which are believed to be of the recessive 
type. J.L.L. 


BUTTER 


795. What Is Your Part in the National Quality Campaign? H. C. 
Darcer, Amer. Butter Inst., Chicago. Natl. Butter and Cheese 
Jour., 32, No. 9:14. 1941. 

Improvement of butter quality in the future will depend on cream 
quality which is indicated to a limited extent by tests for mold mycelia in 
cream and butter. Cream quality campaigns are necessary ; the most effec- 
tive plan is to educate creamery managers and procurement supervisors in 
a state-wide meeting so that they in turn ean hold district meetings. Buyers 
meetings can be organized in the same way. This organization should be 
maintained by the industry. Creamery men can cooperate financially, also 
by grading and by observing the three principal factors in producing and 
marketing quality cream, namely, Sanitation, Time, and Temperature. 
Judicious use of the mold mycelia test can be helpful in educating patrons. 

W.V.P. 


CHEESE 


796. Valuable Information on Process Cheese. ©. R. Barker. Natl. 
Butter and Cheese Jour., 32, No. 8:14. 1941. 


Uniformity of flavor and consistency are attained by intelligent blend- 
ing, critical cleaning, and trimming, coarse to medium grinding, controlled 
heat treatment, thorough stirring and protective packaging. The base or 
70 per cent of a batch is ‘‘short-held’’ cheese, one to three months old and 
‘*storage,’’ six months held cheese. This cheese should be smooth and 
buttery, not sticky or crumbly, and two-thirds should be on the ‘‘acid-side’’ 
but not acid while one-third should be sweet. Short-held cheese tends to 
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make a firm, tough body while storage cheese softens the body. About 15 
per cent of the batch should be ‘‘current’’ cheese, tough body, while 12 to 
15 per cent can be ‘‘acid’’ cheese. The blend is most apt to be successful 
when cheeses from 5 to 7 factories, preferably from different sections of the 
United States, are used. Cheese should be tempered to 70° F. in 72 hours 
before blending. Emulsifiers, such as sodium citrate, di-sodium phosphate, 
sodium potassium tartrate, glyconates, ortho-, meta-, and poly-phosphates 
and di-basie citric acid salts and a caseinate are used at the rate of 1 to 2 per 
cent of the weight of the cheese; too much may make a stiff, coarse body. 
Overrun caused by the addition of emulsifier, salt and water usually equals 
5 per cent for American cheese and higher for other varieties. The heating 
process pasteurizes and prepares the cheese for packaging. Transparent 
wrappers are displacing foil. W.V.P. 


797. Factors Affecting Quality of Cheddar Cheese. 8. L. Tuckey, Univ. 
Illinois, Urbana. Natl. Butter and Cheese Jour., 32, No. 9: 12. 
1941. 


Bacterial content, acid development, moisture and salt are important 
factors affecting flavor of Cheddar cheese. Decomposition of the protein is 
of prime importance but recent experiments indicate that hydrolysis of fat 
and percentage of salt in the cheese also contribute to flavor development. 
The influence of salt was investigated by making ten lots of cheese. The 
eurd was salted and, after 20-, 40- and 60-minute intervals, portions were 
removed from the vat and pressed. In the meantime the salty whey draining 
from the curd was poured back over the curd. Lots of cheese salted 60 
minutes were superior to those salted for shorter periods because they scored 
higher in flavor, contained more salt, and were never criticized for bitter 
flavor. When the salt content was 1.7 per cent or more, ripening was delayed 
and the cheese body was ‘‘curdy.’’ Prolonging the salting period beyond 
60 minutes incorporated more salt and decreased the moisture. The scores 
indieate that cheese to be aged should contain more salt than cheese to be 
marketed fresh. Changes in cheese fat constants including iodine, saponifi- 
cation, Reichert Meissl, Polenske and acid numbers were followed for a year. 
The acid number showed the most significant changes indicating hydrolysis 
of fat. Lipase action was used to stimulate fat hydrolysis by adding 
homogenized raw cream to pasteurized skimmilk. A rancid flavor was pro- 
duced that persisted in the cheese for at least 16 weeks. Experiments to 
study ripening changes are being continued. W.V.P. 


798. Determining Volatile Acids in Cheese. J.C. Marquarpr anp A. C. 
Dau.BerG, New York Agr. Expt. Sta., Geneva, N. Y. Natl. Butter 
and Cheese Jour., 32, No. 8:40. 1941. 


Procedure for estimating volatile acids in hard and semi-hard cheeses 
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have been studied and a preferred standardized method is described. A 
3000-ml. round bottom flask is used for generating steam. This is connected 
to a 2000-ml. flask for the cheese sample and a 400-ml. Liebig condenser ; all 
side arm and flask connections are ground glass unions. The procedure 
involves filling the 3000-ml. flask with 2500 ml. of distilled water. The 
cheese is mixed with 400 ml. of water and 25 ml. of 25 per cent H.SO, solu- 
tion. Distillation proceeds until twenty 100-ml. portions of distillate are 
collected. Size of sample is regulated so tha‘ between the fifteenth and 
twentieth aliquots the distillate becomes neutral to deci-normal NaOH. 
Sample sizes allowing ‘‘complete distillation’’ in the twenty aliquots are: 
young cheddar—200 gms.; aged cheddar—100 gms.; young semi-hard (45 
per cent H,O or more )—200 gms. ; and cured semi-hard—25 gms. The total 
deci-normal NaOH required to neutralize the aliquots of distillate from 200 
ems. of cheese is called the ‘‘ volatile acid equivalent.’’ The procedure can 
be used in standardizing flavor in process cheese or cheese foods and is 
applicable in studying changes in curing cheese. W.V.P. 


CHEMISTRY 


799. Promoting the Oxidation of Fats and Oils. Relative Effectiveness 
of Different Bands of the Visible Spectrum. Grorce R. GREEN- 
BANK AND GeorGE E. Houm, Bur. Dairy Indus., U. 8. D. A., Wash- 
ington, D. C. Indus. and Engin. Chem., Indus. Ed., 33, No. 8: 
1058. 1941. 


The effectiveness of different light bands in promoting oxidation of corn 
oil, cottonseed oil, lard and butter oil increases with a decrease in the wave 
lengths used, energy from the blue end of the spectrum being most effective. 
The light bands were obtained with the use of filters and a monochromator, 
and were adjusted to equal intensity. The amount of light absorbed in the 
yellow, orange and red regions of the spectrum was almost constant for 
each oil and only in lard did it exceed 5 per cent. Light absorption and 
amount of peroxides formed increased progressively as the wave length of 
light decreased from the yellow, the amount of peroxides produced being 
dependent upon the type of oil used. B.H.W. 


800. Microbiological Assay for Pantothenic Acid. F. M. Srrone, R. E. 
FEENEY AND ANN EARLE, Univ. Wisconsin, Madison, Wis. Indus. 
and Engin. Chem., Analyt. Ed, 73, No. 8: 566. 1941. P 


A method for the determination of pantothenic acid has been developed 
which utilizes the need of Lactobacillus casei E for this substance. A 
medium essentially free from pantothenic acid but otherwise adequate for 
this organism is used. The lactic acid produced during growth of the organ- 
ism in a medium containing the unknown is determined by direct titration 
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and the quantity of pantothenic acid calculated by means of a standard 
curve. Investigation has shown the method to be reliable. The pantothenic 
acid content of a number of biological materials including several dairy 
produets is given. B.H.W. 


801. Application of the Refractometer to Determination of Total Solids 
in Milk Products. V. D. LupinetTon anp E. W. Birp, Iowa State 
College, Ames, Iowa. Food Res., 6, No. 4: 421. July-Aug., 1941. 


Studies revealed that the total solids of skimmilk at various stages of 
condensation and dilution can be determined refractometrically with suffi- 
cient precision for commercial usage, standard deviations indicating that the 
measurements on which calculations are based are accurate. The use of 
ammonium hydroxide in the skimmilk showed no advantage. 

Refractive indices of milk and cream cannot be determined with accuracy 
due to the dispersion of light by the fat emulsion. Satisfactory readings, 
however, can be obtained in samples to which 60 per cent sucrose is added 
but the variations in the caleulated total solids are too great to make the 
procedure commercially feasible. No advantage was found in reading the 
samples at 40° C. (125° F.) as compared with 25° C. (77° F.). F.J.D. 


DISEASE 


802. Sodium Chlorate Poisoning in Cattle. G. R. Moore, Dept. Surgery 
and Med., Kansas State College. Jour. Amer. Vet. Med. Assoe., 
99:50. 1941. 


Sodium chlorate (NaClO;) according to the author has been widely 
recommended in recent vears as a means of eradicating quack grass and 
bindweed. The author is of the opinion that this type of poisoning in cattle 
and swine may be more common than is generally suspected. Causes and 
symptoms are described. Total dosage is discussed together with diagnosis 
and treatment. Prevention is suggested as the best remedy, consisting of : 
1. Salt the herd thoroughly before taking any chance with them on chlorate 
sprayed ground. 2. Avoid using the spray in dry form, especially avoid 
piles on the ground. 3. Remove empty containers. F.E. 


803. Further Investigations of Rumen Gases and Bloat in Ruminants. 
R. W. Dovauerty, Oregon Expt. Sta., Corvallis, Ore. Jour. Amer. 
Vet. Med. Assoc., 99: 110. 1941. 


An interesting group of experiments is reported in which the H.S pres- 
ent in rumen gases is correlated with the type of feed ingested. The greener 
and higher quality the feed the more H.S was found in the rumen gas sam- 
ples. The amount of carbon monoxide (CO) was also determined, but its 
occurrence was found to be similarly correlated with the type of feed in- 
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gested. The amount of H.S required to produce prostration varied greatly 
when introduced through a rumen fistula. Operative, sampling and analyses 
techniques are described. F.E. 


804. Studies in Brucellosis. I. F. Huppieson, W. B. Arprey, R. B. PEN- 
NELL, W. H. Stan, E. E. HAMANN, AND Myrtte Munear. Mich. 
Agr. Expt. Sta. Tech. Bul., 177. 1941. 


This report comprises a series of nine papers. Subjects investigated 
were: 1. A study of factors influencing the isolation, cultivation, and differ- 
entiation of the species of Brucella. 2. The presence of a capsule on Bru- 
cella cells. 3. Study of cross skin sensitization between Pasteurella tularen- 
sis and Brucella mellitensis. 4. The immunizing value of the giuco-lipid 
antigen from Brucella cells. 5. Conditions for maximum precipitation and 
agglutination of antibody in various Brucella antiserums. 6. The presence 
of Brucella antibody in the urine of human beings. 7. Separation and study 
of the lipid fraction of Brucella abortus. 8. A study of the leucocytic pic- 
ture in brucellosis. 9. A study of the effect of the toxie fraction from Bru- 
cella - on the leucoeytie picture in normal guinea pigs. 

In these studies it was shown that more than 0.5 per cent peptone in the 
medium tends to retard growth of Brucella. A concentration of 1: 700,000 
of erystal violet was recommended when beef liver agar containing 0.5 per 
cent peptone is used in isolation. Bacto-Tryptose agar was highly satisfac- 
tory for the isolation and differentiation of the three species of Brucella in 
the presence of dyes. 

Data indicated that the presence and amount of capsular material deter- 
mined virulence of the cells. A special procedure for capsule demonstration 
was described. Results suggested that when the clinical diagnosis on 
humans is doubtful a skin test with protein nucleate solution from Brucella 
or P. tularense should serve as a means of differentiating brucellosis and 
tularemia. The gluco-lipid antigen from Brucella cells exhibited no im- 
munizing value against experimental Br. abortus infection in guinea pigs. 

To obtain precipitation of the maximum amount of Brucella antibody 
nitrogen for cow antiserum and endoantigen, two hours at 37° plus 22 hours at 
4° C. were required. Forty-eight hours at 4° C. provided maximum removal 
of Brucella agglutinin antibody nitrogen for cow antiserum and homologous 
cells. Brucella antibody was demonstrated in the urine of certain brucellosis 
patients. The method for concentrating this antibody was described. The 
lipids which composed about five to six per cent of the cells were found to be 
biologically inactive. 

Leucopenia with a relative lymphatocytosis and slight monocytosis char- 
acterized the blood picture in Brucella mellitensis infected individuals. 
Non-filamented neutrophiles were higher than normal. Pathologie lympho- 
eytes with liver endothelial celis were found in 40 per cent of the cases. All 
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eases exhibited finally varying degrees of basophilic granulation of neutro- 
philes. The data indicated that the Brucella toxie fraction aided by tissues 
of the gastro-intestinal tract had a cytolytic effect on neutrophiles in the 
blood vessels. P.R.E. 


FEEDS AND FEEDING 


805. Comparative Feeding Value of Silages Made from Napier Grass, 
Sorghum and Sugarcane. A. L. Sueary, W. G. Kirk, anp R. M. 
Crown. Fla. Agr. Expt. Sta. Bul. 358. 18 pages. 1941. 


Three feeding trials with steers were conducted. The same amount of 
concentrates, consisting of ground snapped corn and cottonseed meal, was 
fed to each lot together with as much of the respective silage as the steers 
would consume. In each of the three trials more sorghum silage was con- 
sumed than of either of the other kinds. 

Sorghum silage contained more dry matter, crude protein, and nitrogen- 
free extract than did either Napier grass silage or sugar cane silage. Due 
to higher digestibility of its crude fiber and N-free extract the sorghum silage 
contained more T.D.N. than either of the others did. 


Napier Sugar 


Sorghum grass cane 

silage silage silage 

Average daily gains (Ibs.) 2.08 1.81 1.79 

T.D.N. required per Ib. of gain (Ibs.) 6.16 6.30 6.27 
Value for fattening steers on a comparative basis 100 75 70 

J.G.A. 


806. Growth and Development. III. Relation between Organ Weight 
and Body Weight in Growing and Mature Animals. 8. Bropy 
AND H. H. Kister. Mo. Agr. Expt. Sta. Res. Bul., 328. 41 pages. 
1941. 


This bulletin should be a valuable reference for workers in animal 
physiology. 

Detailed charts are presented relating the weights of each of the major 
visceral organs to the corresponding body weights in (1) mature mammals 
of different species ; (2) mature birds of different species; (3) animals of the 
same species, growing and mature. The relative-growth equation Y =aX? 
was fitted to each set of data and the numerical values of the exponent, b, 
discussed with reference to the metabolic levels. For mature animals of 
different species, the weights of the neuro-endocrine systems, such as the 
brain and pituitary gland, which are the metabolism-controlling organs, tend 
to increase with approximately the same fractional power as does basal 
metabolism ; the cardio-respiratory systems, such as the heart, which carries 
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the working burden of the body, tends to increase more directly with body 

weight than with the basal metabolism. The organ-body relations in grow- 

ing animals vary with the stage of growth; the value of b tends to be lower 

for later growth in the same species than for mature animals of different 

species. The results are discussed from theoretical and practical view points. 
A list of 50 references is given. J.G.A. 


807. Condensed Whey asa Profit Item. J. Epwarp Turrr. Natl. Butter 
and Cheese Jour., 22, No. 8:11. 1941. 


Whey condensed to 35 to 50 per cent solids and placed in 50, 500, and 
600 pound drums is being sold at a profit by a California creamery to 
poultrymen and feed mills. W.V.P. 


808. Distribution of “Trace Elements” in the Newborn Calf as Influenced 
by the Nutrition of the Dam. L.L. Rusorr. Fla. Agr. Expt. Sta. 
Bul. 359. 47 pages. 

The tissues and organs of three newborn calves from normal dams and 
one newborn ealf from a ‘‘salt sick’? dam were analyzed for trace elements 
by a spectrographic estimation. 

Of the 27 trace elements for which the various organs and tissues in this 
study were analyzed, 15 were detected, namely: aluminum, barium, boron, 
vhromium, cobalt, lead, manganese, molybdenum, nickel, silver, strontium, 
tin, titanium, vanadium and zine. The following elements were not detected 
in any of the tissues or organs: arsenic, antimony, beryllium, bismuth, ead- 
mium, cesium, lanthanum, lithium, thorium, tungsten, yttrium, and 
zirconium. 

Zine was found in all of the tissues and organs which were examined ; 
aluminum and manganese were detected in practically all of the tissues; 
barium, lead, molybdenum and strontium in about one-half of the tissues; 
nickel and silver in about one-third, and boron, chromium, tin, titanium, 
cobalt and vanadium were found sporadically. 

A comparison of the distribution and concentration of trace elements in 
the tissues and organs of newborn calves from normal and from ‘‘salt sick’’ 
dams showed no significant differences. 

Thirty-two references; 12 tables, 5 of which are in the appendix are 
given. J.G.A. 


809. Distribution and Concentration of Copper in the Newborn Calf as 
Influenced by the Nutrition of the Dam. L. L. Rusorr. Fla. 
Agr. Expt. Sta. Tech. Bul. 356. 61 pages. 1941. 


A comparison of the copper content of the tissues usually analyzed, of 
four newborn calves, as influenced by the nutrition of their dams, was made 
by a quantitative spectrographic method. 
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A comparison of the copper content of all tissues and organs of two of 
the newborn calves, one from a normal dam and one from a ‘‘salt sick’’ dam, 
also was made. 

Copper was present in every organ and tissue analyzed. 

The entire normal newborn calf contained 236.6 to 237.0 milligrams of 
copper and the entire ‘‘salt sick’? newborn calf contained 269.9 to 271.2 
milligrams. 

With the exception of the skeletal tissues, practically all of the ‘‘salt 
sick’’ tissues and organs contained more copper than corresponding normal 
organs and tissues. 

The hypothesis that bone may be a site for copper storage is supported. 

The dam’s being ‘‘ salt sick’’ does not influence copper storage in the new- 
born calf. 

No definite conclusions can be drawn concerning the role of copper in 
“*salt sick.’’ More biological work needs to be done before a physiological 
interpretation of the metabolism of copper in ‘‘salt sick’’ can be given. 

A calf from a “‘salt sick’’ dam is not itself ‘salt sick.’’ 

Kighty-two references; 28 tables, 7 of which are in an appendix to the 
bulletin, are given. J.G.A. 


810. The Value of Urea in the Synthesis of Protein in the Paunch of the 
Ruminant. I. In Maintenance. L. E. Harris anp H. H. Mrr- 
CHELL, Univ. Illinois, Urbana. Jour. Nutr., 22: 167-182. 1941. 
Sheep fed a basal ration low in protein were on negative nitrogen 
balances. These negative nitrogen balances were always improved when 
either casein or urea was incorporated in the ration. The data showed that 
sheep may be maintained in nitrogen equilibrium for more than 100 days 
on rations containing urea and minimal amounts of protein providing only 
one-tenth of the amount of nitrogen needed for equilibrium. At nitrogen 
equilibrium the biological value of the urea nitrogen was 62 and of casein 
nitrogen 79. Urea improved the digestibility of cellulose markedly. 


C.F.H. 


811. The Value of Urea in the Synthesis of Protein in the Paunch of the 
Ruminant. II. In Growth. L. E. Harris anp H. H. Mircene.., 
Univ. Illinois, Urbana. Jour, Nutr., 22: 183-196. 1941. 

The addition of urea to a low-nitrogen ration which was in itself unable 
to support appreciable growth in lambs or even consistently to maintain 
nitrogen equilibrium converted it into a ration capable of promoting a nor- 
mal or nearly normal rate of growth. Tests with casein indicated a clear 
superiority of casein nitrogen at levels of 15 per cent protein equivalent over 
the urea nitrogen at either 15 or the 11 per cent protein equivalent level. 
Rations containing 3.16 per cent urea on the dry basis were not toxie. 


C.F.H. 


; 
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812. The Vitamin A Requirements for Normal Growth in Young Dairy 
Cattle. H. T. Converse anv E. B. Metes, U.S.D.A., Washington. 
Amer. Soc. Anim. Prod. Proc., 32: 67-72. 1939. 


Calves were fed from the fourth day of age a low vitamin A basal ration 
supplemented with varying amounts of carotene ranging from 29 to 87 pg. 
per kg. body weight and similar levels of vitamin A ranging fror. 7.55 to 
22.65 ug. per kg. body weight. On both the highest and lowest levels calves 
died or developed subnormally, and the results indicated that the optimum 
was an amount approximately twice the lower level. At this age the require- 
ment was larger per unit of body weight than for ages 6 to 24 months. 

G.C.W. 


813. Carotene Requirements of Dairy Cattle for Reproduction. A. H. 
KUHLMAN AND W. D. Gatiup, Oklahoma A. and M. College, Still- 
water. Amer. Soc. Anim, Prod. Proe., 33: 67-73. 1940. 


Using a basal ration of cottonseed meal and prairie hay it was found that 
a minimum of 40-45 yg. of carotene per pound of body weight was required 
daily by Jersey cows during the 270 days preceding parturition to produce 
normal calves, and to start a normal lactation. G.C.W. 


814. High-phosphorus vs. Low-phosphorus Red Clover Hay for Growing 
Calves. H. R. Duncan, Univ. Tennessee, Knoxville. Amer. Soc. 
Anim. Prod. Proe., 33: 109-111. 1940. 


The only difference in the ration of calves each receiving 6 lbs. of clover 
hay, ground yellow corn, salt and cod liver oil was the P content of the hay, 
being 0.116 per cent and 0.309 per cent, respectively. In 196 days the aver- 
age gain in weight was 79 lbs., in height at withers 2.21 inches, and in heart 
girth 2.46 inches for the low P group compared to 124 lbs., 3.46 inches and 
5.42 inches, respectively, for the high P group. The cost of a given amount 
of gain was 33 per cent more for the low P fed animals, and they were 
decidedly less thrifty. The low P hay was grown under circumstances 
assumed to be favorable on a farm much above the average in productiveness. 


G.C.W. 


815. Further Studies of the Influence of Fat Intake on Milk and Fat 
Secretion. L. A. Maynarp, J. K. Loosut anp C. M. McCay, Cor- 
nell Univ., Ithaca, New York. Amer. Soc. Anim. Prod. Proe., 33: 
340-344. 1940. 

Two recent trials, one continuous and one double reversal, comparing 
grain rations of 7 per cent and 3 per cent fat, respectively, bear out earlier 
results in this laboratory of increased milk and fat percentage yields on the 
higher fat rations. The several trials (10) show increased daily yields of 
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fat-corrected milk ranging from 0.27 to 3.54 lbs. per cow. It is not known 
whether fat per se, or some fatty acid, or some other component of ether 
extract has been responsible. G.C.W. 


FOOD VALUE OF DAIRY PRODUCTS 


816. The Effect of Certain Fats and Unsaturated Fatty Acids upon the 
Utilization of Carotene. W. C. SuHerman, Lab. of Anim. Nutr., 
Ala, Agr. Expt. Sta., Auburn. Jour. Nutr., 22: 153-165. 1941. 


The effect of supplementing a diet low in fat and carotene with linseed 
oil, corn oil, wheat germ oil, butterfat, cottonseed oil, methyl linolate and 
methyl linclenate on carotene utilization was investigated with rats. Soy- 
bean oil, cottonseed oil, linseed oil, corn oil, and wheat germ oil had a bene- 
ficial effect upon growth. Butterfat and coconut oil had no appreciable 
effect. Methyl linolate and methy! linolenate had an antagonistic action 
when fed with low levels of carotene which was counteracted by the addition 
of soybean oil and also by feeding carotene and methy! linolate a few hours 
apart. C.F.H. 


817. Butter and Nutrition. Nat]. Dairy Council, Chicago. 
Natl. Butter and Cheese Jour., 32, No.9: 16. 1941. 


There are three basic reasons why a home-maker should buy butter. 
First, it is a dependable source of vitamin A since it is eaten three times 
daily and because the vitamin A in butter is better utilized than carotene, 
the form in which the vitamin occurs in fruits and vegetables. Vitamin A 
builds resistance to infection and a deficiency of it causes ‘‘night-blindness”’ 
and eventually xerophthalmia. Second, butter contains a growth-promoting 
factor other than vitamin A. Data show the superiority for growth in 
young animals of butterfat over such vegetable oils as corn, cotton seed, 
soy bean and cocoanut although the known fat soluble vitamins, such as 
A, D, and E, were adequately provided. Third, our people use less 
than half as much butter as other English-speaking people, yet there is no 
substitute for butter. Flavor and digestibility of butterfat should commend 
its use. Fortification of other foods with vitamins requires more research 
to disclose the importance of butter in the diet. W.V.P. 


818. Further Experiments on the Calcium Requirement of Adult Man 
and the Utilization of the Calcium in Milk. F.R. Sreecerpa anp 
H. H. Mirevetz, Univ. Illinois, Urbana. Jour. Nutr., 21: 577-588. 
1941. 


Twenty-five calcium-balance periods of 12 to 32 days each were carried 
out on nine adult men. The basal diet which furnished 203 mg. of calcium 
daily was supplemented with milk produets (liquid whole milk, liquid skim 
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milk, ‘‘dried milk solids’’ and homogenized milk) in amounts to provide 
enough calcium for approximate equilibrium. The calcium in the different 
milk products studied was utilized at about the same degree of efficiency. 
An average utilization of 29 per cent was observed. The average calcium 
requirement for equilibrium was 9.55 + 0.46 mg. daily per kilogram of body 
weight. C.F.H. 


819. Pasteurization and the Nutritive Value of Milk. C. A. EuvenvJem, 
Univ. Wisconsin, Madison, Wis. Dairy World, 20, No. 3: 18. 
Aug., 1941. 

This paper is a very good summary of recent studies and recent thought 
relative to the effect of heat on the nutritive properties of milk. The author 
does not confine himself merely to comparisons of pasteurized and raw milk 
but touches on seasonal variations, higher heat treatments, exclusive feeding 
of milk to animals through more than one generation and several other 
interesting related subjects. In conclusion he states that, ‘‘we are unable 
to find on a nutritional basis any objection to the production and use of 
pasteurized milk.’’ F.J.D. 


820. The Ascorbic Acid Content of Cows’ Milk during Pregnancy. A. D. 
Houmes, F. Tripp, E. A. Woeurrer anp G. H. Sarrerrtenp, E. L. 
Patch Co.; H. P. Hood and Sons, Boston, Mass., and Univ. North 
Carolina, Raleigh. Jour. Nutr., 22: 267-271. 1941. 

The ascorbic acid content of the milk of Guernsey and Holstein cows was 
determined from time to time throughout pregnancy. The animals were 
stall fed. The ascorbic acid values showed considerable variation although 
they tended to decrease slightly with advanced pregnancy. C.F .H. 


821. Nutritive Value of Quick Frozen Foods. Farr Fenton, Cornell 
Univ. Refrig. Engin., 42, No. 2: 140. 1941. 

The vitamin C content of quick frozen vegetables was studied. In gen- 
eral, it was found that the vitamin C content was very high in quick frozen 
vegetables and much higher than that of fresh vegetables which have been 
held even a few hours at room temperature. The author cautioned against 
the use of too much water in cooking the vegetables and then discarding it 
because of the high degree of solubility of the vitamin. For the same reason 
frozen vegetables should not be thawed before cooking and they should be 
cooked in only a very minimum of water. L.M.D. 


ICE CREAM 


822. A Study of Skim Milk for Ice Cream. L. K. Crowe anp Harry H. 
Winn, Univ. Nebraska. Ice Cream Field, 38, No. 2:40. 1941. 


The authors discuss the results obtained in an investigation designed to 
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study the effects of freezing and storing upon (a) plain condensed skim milk, 
(b) superheated condensed skim milk and (c) sweetened condensed skim 
milk. A review is given of previously published work related to the problem. 

It was found that fresh plain and sweetened condensed skim milk were 
almost completely soluble and only very slightly more soluble than fresh 
superheated condensed skim milk. The solubility of the plain condensed 
skim milk decreased slowly over the three months storage period, whereas 
the solubility of the superheated condensed skim milk decreased rapidly over 
this same period. The sweetened condensed skim milk was almost com- 
pletely soluble after three months storage. 

The results showed no consistent change in protein stability (alcohol 
number) of ice cream mixes made with condensed skim milk which had been 
stored frozen for one month when compared to mixes prepared with fresh 
condensed skim milk. It is stated ‘‘Mixes made with stored frozen super- 
heated condensed skim milk showed less change than mixes prepared with 
plain or sweetened condensed skim milk.’’ Protein stability of ice cream 
mixes made with each type of condensed skim milk stored frozen two months 
was greater than that of mixes made with fresh skim milk or condensed 
skim milk stored frozen for one or three months. No apparent relationship 
was found between the solubility of condensed skim milk and the alcohol 
number of ice cream mixes in which it is used. 

There was very little difference in the titratable acidity of the ice cream 
mixes made with the three types of fresh condensed and the results indi- 
cated that freezing and storing condensed skim milk for periods up to three 
months did not increase the titratable acidity of ice cream mixes in which 
it was used. The pH of the ice cream mixes was always within the range 
6.2 to 6.4. 

Viscosity of ice cream mixes was not consistently affected by the freezing 
and storing of the three types of condensed skim milk used. Mixes made 
with fresh plain condensed skim milk whipped to 100 per cent overrun 
faster than ice cream mixes made with fresh superheated and fresh sweet- 
ened condensed skim milk. Mixes made with the three types of condensed 
skim milk stored frozen for one month whipped more slowly than those pre- 
pared from the corresponding fresh condensed skim milks. It is stated, 
however, that the time required to reach 100 per cent overrun in ice cream 
mixes made with the three types of condensed skim milk stored frozen was 
less than the time required for mixes made with fresh condensed skim milk. 

There was no appreciable difference in the flavor scores of ice cream 
attributed to the type of condensed skim milk used whether fresh or frozen, 
but there was a tendency for the body and texture scores to be less as a result 
of using the three types of frozen condensed skim milk. Freezing and 
storing plain and superheated condensed skim milk increased the amount 
of foam, whereas the opposite was true for sweetened condensed skim milk. 
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Ice creams made with the frozen condensed skim milk were frequently 
eriticized for flaky or curdy appearance upon melting. W.CL. 


823. Effects of Freezing and Hardening on Ice Cream Texture. J. H. 
Exs, Ohio State Univ., Columbus, Ohio. Ice Cream Field, 38, No. 
2:46. 1941. 


The author describes a laboratory experiment carried out in connection 
with a class in ice cream in which a given ice cream mix was frozen and 
hardened under four different conditions. The results showed that the body 
and texture scores varied as much as 2.5 points. The poorest ice cream was 
produced by drawing it from the batch freezer in a soft condition and hard- 
ening it slowly at0° F. Ice cream taken from the same freezer and hardened 
more rapidly at — 30° F. showed an improved score of from 0.5 to 1.0 point. 
Stiff ice cream drawn from the batch freezer and hardened slowly was about 
equal in texture to the soft drawn ice cream which was hardened rapidly. 
The ice cream drawn from the continuous freezer at the same temperature 
as from the batch freezer showed a slightly better texture. The smoothest 
textured ice cream was that drawn from the continuous freezer at 22° F. and 
hardened rapidly. W.C.C. 


824. Ice Cream and Problem of Rising Costs. Jack Nisper, Secretary, 
Ohio Assoc. Ice Cream Mfrs. Ice Cream Field, 38, No. 2: 20. 
1941. 


It is pointed out that increased costs of ice cream ingredients have neces- 
sitated some increase in the wholesale price of ice cream. In some instances 
this has been used as a basis of relatively large increases in retail prices 
resulting in marked decreased consumption. It is suggested that it may be 
necessary to prepare suitable streamers and signs for ‘‘6¢ cones’’ and ‘‘12¢ 
sodas’’ to keep the retailer from increasing his price in 5¢ jumps. 

The author states that the food value of ice cream should be stressed 
during the present emergency to avoid having people consider it a luxury. 
The advisability of correcting misconceptions is emphasized and several 
‘‘mistaken ideas about ice cream’’ are cited. W.C.C. 


825. Merchandising Ice Cream and Associated Products. CHARLES 
Sticu, Kats and Besthoff, New Orleans, La. Ice Cream Field, 38, 
No. 2: 28. 1941. 


Attention is called to the fact that in 1931 Drug Stores accounted for 
30.5 per cent of the nation’s ice cream volume, whereas in 1938 it accounted 
for 28.6 per cent, while company-owned retail stores in 1931 accounted for 
2.3 per cent of the national ice cream volume as compared with 5.7 per cent 
in 1938. 
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The author considers ice cream quality of prime importance and con- 
cludes that ice cream should have a high butterfat content, be rich, smooth 
and creamy and full of flavor. In addition it should have a descriptive name 
such as: velvet; all-cream ; tru-flavor ; flavor-fresh, ete. 

Reference is made to a survey which shows that ice cream’s greatest 
appeal—20 per cent—is quality, and its least appeal—2.3 per cent—is price. 
Ice cream appeals as a food to 15 per cent of the customers and as a refresh- 
ment to 12 per cent of them. He emphasizes the advantage of selling ice 
cream as a food as well as supplying suitable specials for various occasions 
throughout the year. Mention is also made of window displays as a means 
of merchandising ice cream. 

The importance of ‘‘ The carry-out ice cream business”’ is stressed and the 
increased sales resulting from the use of a special package for this purpose 
are cited. W.C.C. 


826. Are There Profits in Pecan Ice Cream? Epwarp G. Marsu, R. E. 
Funsten Co., St. Louis, Mo. Ice Cream Field, 37, No. 6: 26. 1941: 


The author quotes the International Association of Ice Cream Manu- 
facturers as showing by a survey that butter pecan accounts for 3.67 per 
cent of the U. S. ice cream production. He claims that if properly proc- 
essed, pecans do not become soggy or woody when incorporated in ice cream. 

Reference is also made to U. S. Department of Agriculture Bulletin 324 
entitled, ‘‘An Economic Study of the Pecan Industry,’’ which reports that 
if price is not a factor that consumer preference for pecans outranks their 
preference for all other nuts. 

Shelled pecans are obtained primarily from the wild or seedling variety, 
whereas the papershell or improved variety is usually sold in the shell. It is 
stated that the pecan industry has 17 grades of shelled pecans from which 
the ice cream industry may select. 

Various methods of introducing and mechandising pecan flavored ice 
creams are mentioned. W.C.C. 


827. Do You Sell a 10¢ Pint? Anonymous. Ice Cream Field, 37, No. 6: 
6. 1941. 


This is a report of the findings of a survey by the Institute of Ice Cream 
Opinion which is under the direction of the Ice Cream Field. The results 
show that 86.9 per cent answered this question in the negative while 13.1 per 
cent of the replies indicated that their competitors sell a 10¢ pint. It was 
further revealed that 86.2 per cent of the replies favor a low priced package 
ice cream as a means of increasing gallonage and that the average of the 
price range given by these replies was 18.009¢. 

There was considerable variation in different sections of the United 
States, with California and the South West areas showing a greater tendency 
to sell this low priced item than the Northern areas. W.C.C. 
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828. Getting the Most out of Flavors in Ice Cream. C. A. Iverson, Iowa 
State College. Ice Cream Field, 38, No. 1:49. 1941. 


It is stated that although the trend in the ice cream industry is towards 
more delicate flavors and colors and towards smoother textured ice cream 
that sudden changes even in the direction of the trends may cause consumer 
objection. 

The author points out that serum solids have a depressing effect upon 
flavor in addition to any ‘‘off’’ flavors which they may earry. It is postu- 
lated that butterfat acts as a flavor carrier whereas serum solids to a certain 
extent act as flavor depressors. 

In discussing ‘‘vacreation,’’ a system of vacuum pasteurization, it is 
stated that from } to } less flavor is required to obtain approximately the 
same flavor intensity with vacreated mix as with mix pasteurized in the 
usual manner. 

It is stated that it is not always possible to predict whether or not a given 
substance may serve as a satisfactory flavor in ice cream. It is actually 
necessary to try the combination in ice cream. It is suggested that caramel 
and fudge flavors be used in combination with chocolate and furthermore 
that mint flavor mixes well with chocolate. 

Fresh ground coconut meat makes a very pleasing flavored ice cream. 
When used alone from 4 to 6 quarts of ground coconut is required for 10 
gallons of finished ice cream. Coconut pineapple and coconut cherry also 
are pleasing combinations, it is stated. 

Nuts for ice cream must have pleasing flavor and be crisp and tender in 
the ice cream. It is reported that dry roasting the nuts and treating them 
with butter previously heated to 330° F. is most satisfactory because it 
develops a roasted nut flavor, dries out the nut and the butter coating causes 
the nut to retain the crispness to a remarkable degree. 

Butter is used at the rate of 1 to 2 pounds for 8 pounds of nuts. 

Mention is also made of the importance of sanitation in handling and 
preparation of nuts. The heat treatment mentioned is a safeguard in this 
connection. 

Pecans, English walnuts, black walnuts, almonds, and Brazil nuts are 
mentioned as satisfactory either alone or in various combinations. In addi- 
tion hazelnuts or filberts, cashew nuts and pistachio nuts are mentioned as 
good possibilities. W.C.C. 


829. How Can We Improve Our Sherbets and Ices? P. H. Tracy, Univ. 
Illinois. Ice Cream Field, 37, No. 6:36. 1941. 


The author defines ices and sherbets according to the standard adopted 
by the International Association of Ice Cream Manufacturers and points 
out that in certain instances they play a relatively important role in the ice 
cream industry. 
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A list of seven desirable features of stabilizers is given for ices and 
sherbets. This is followed by a brief discussion of the more common stabi- 
lizers used including gelatin, various gums, pectin, and sodium alginate. The 
advantages and disadvantages of each stabilizer mentioned is briefly out- 
lined and directions for its use are given. 

The author recommends the use of monosaccharides—such as honey, dex- 
trose or sweetose—in conjunction with cane or beet sugar to prevent surface 
crustation. It is stated that satisfactory results were obtained using 14 per 
cent sucrose and 21 per cent sweetose. The author also recommends from 
0.35 per cent to 0.50 per cent citric acid content depending upon the sugar 
content of the mix. 

Brief mention is also made of the following defects in ices and sherbets: 
bleeding, surface crustation, crumbly body, snowy body, coarse body, sticky 
body and ice separation. 

A few suggested formulas are given. W.C.C. 


830. Ice Cream Sales Soar. ANonyMous. Ice Cream Field, 38, No. 2: 21. 
1941. 


A brief discussion is given of the statistical report of the United States 
Agricultural Marketing Service, and the Ice Cream Sales Index compiled by 
the Statistical and Accounting Bureau of the International Association of 
Ice Cream Manufacturers. It is pointed out that except for the second four- 
months period of 1936, the first four months of 1941 had the largest sales 
increase of any four-months period during the 16 years the Sales Index has 
been published. W.C.C. 


831. Coffee as a Summer Flavor. ALEXANDER Katz, Florasynth Labs., 
Pacifie Coast Div. Ice Cream Field, 38, No. 2:34. 1941. 


In a comparison of twelve flavors, coffee was selected as the outstanding 
flavor by the public and vanilla was considered second. 

Extreme care is necessary to properly prepare concentrated liquid coffee 
flavor. It is stated that synthetic coffee flavor cannot replace the flavor pre- 
pared from natural coffee. 

Many uses are mentioned for this product including the flavoring of ice 
cream, milk, milk shakes, candy, ete. W.C.C. 


832. Fruits on the March to Greater Sales. Vincent M. Rasurro, Editor, 
Iee Cream Trade Jour., New York. Ice Cream Trade Jour., 37, No. 
7:15. 1941. 


The sale of fruit flavored ice cream has been increasing. Black and red 
raspberries, cherries, pineapples, and peaches are being used in ever increas- 
ing quantities. A knowledge of the characteristics of the various varieties 
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of fruits, how to pack and preserve them for ice cream, and the taste and 
eye appeal which fruit impart to ice cream, are factors responsible for their 
increased use. Amounts used, common varieties, sources and methods of 
preparation for use in ice cream are discussed in this article. W.HLM. 


833. Profits the Milky Way. Louis D. Jones, Hamilton Beach Co., Ra- 
cine, Wis. Ice Cream Trade Jour., 37, No.7:12. 1941. 


A description is given of how a successful merchandiser boosted his sale 
of ice cream by featuring ice cream and milk drinks. A creamy delicious 
malted milk or milk shake, an ice cream soda, tangy-zestful with flavor varie- 
ties to create wide taste appeal and a sundae with outstanding eye and taste 
appeal were used as leads. High quality ingredients, properly trained help, 
personal interest in his customers and accurate cost records are listed as some 
of the major points in his success. W.H.M. 


834. Current Sales Trends. O’Neat M. Jounston, Washington, D. C. 
Ice Cream Trade Jour., 37, No. 6:39. 1941. 


With the exception of January, May, August and September, every 
month in 1940 showed an inerease in the sale of ice cream in the United 
States according to figures released by the Statistical and Accounting 
Bureau of the I. A. of I. C. Manufacturers, Washington, D. C. in Special 
Bulletin Number 65. The net increase for the year was 2.56 per cent above 
1939 sales. W.HLM. 


835. Stabilizing Water Ices and Sherbets. B. I. Masurvosxy, Editor, Ice 
Cream Trade Jour. Ice Cream Trade Jour., 37, No. 6: 35. 1941. 


A replacement of 25 to 30 per cent of the sucrose in sherbets and ices 
with invert sugar, dextrose or corn sirup solids is suggested. There are 
several stabilizers for sherbets and ices and usually satisfactory results can 
be obtained by following the directions furnished with these products. Poor 
results sometimes occur because the composition of the mix is altered when 
fruits are added to the mixture. W.HLM. 


836. Smoothness inIce Cream. G. C. Nortu, Beatrice Creamery Co. Ice 
Cream Trade Jour., 37, No.6:13. 1941. 


Several factors, homogenization, proper balance of ingredients and faster 
freezing, have tended to eliminate coarseness in ice cream texture and a 
smoother product has resulted. Smoothness in texture is definitely related 
to size of ice crystals, size and number of air cells, presence of lactose crystals 
and butterfat particles. Homogenization increases the total fat globule 
surface and produces a lubricating effect making a given sample of ice cream 
appear to be smoother and the fat also offers mechanical obstruction to the 
formation of ice crystals. 
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By increasing the non-fat milk solids in the mix, the formation of large 
ice crystals is obstructed and the amount of water available for ice formation 
is reduced. The use of an excessive amount of total solids should be avoided, 
since freezing and storage difficulties may be encountered and defects such 
as sandiness and sogginess may result. A proper relationship between the 
fat and non-fat milk solids should be maintained and the kind and amount 
of sugar regulated to avoid excessive sweetness and freezing difficulties. 
Stabilizers and eggs also tend to improve the texture of ice cream. 

W.HLM. 


837. England’s Ice Cream Industry under Fire. Cuirrorp SKERTCHLY, 
London, Eng. Ice Cream Trade Jour., 37, No. 6:10. 1941. 


With the use of fresh milk and cream forbidden and the use of butter, 
concentrated milk products and sugar greatly restricted, ice cream manu- 
facturers in England have turned to the use of substitute products. At first 
about the only change in the mix was the substitution of margarine for 
butterfat, later soya bean flour, corn flour and wheat flour replaced the 
milk solids. It also became necessary to reduce the sugar content from 13 
per cent to 11 per cent and to substitute honey for part of the sugar. The 
author states that England’s war-time ice cream seems to be palatable and 
its selling price shows no appreciable increase. The following is one of the 
recommended formulae used in England: 1 pound of fat; 8 ounces of wheat 
flour ; 1 pound of sugar; 2 ounces of egg yolk; water to make 1 gallon. 

W.HLM. 


838. A New Quick Freezing System. L. H. Barriert anp H. E. Brown, 
Bur. Engin. Res., Univ. Texas. Refrig. Engin., 42, No. 2: 83. 
1941. 


The advantages and disadvantages of fluid contact freezing are described 
and the use of a polyphase freezing medium in order to overcome disad- 
vantages of the liquid medium is explained. 

This polyphase medium is a chilled solution of a freezing point de- 
pressing solute, through which is dispersed the solid phase of the solute in 
finely subdivided form. The mechanism of heat transfer is one largely of 
conduction. Decrease in the fluid film resistance of a polyphase medium is 
probably due to the fact that the thermal conductivity of ice is very much 
greater than that of the liquid phase, it being 1.3 btu. per ft. hr. °F. at 0° F., 
while that of a 63 per cent syrup is only 0.19 btu. per ft. hr. °F. at the same 
temperature. The weighted mean conductivity of a polyphase medium con- 
taining 5 per cent by weight of suspended ice in 63 per cent syrup is 0.27 
btu. per ft. hr. °F., which is 1.38 times the conductivity of the liquid phase. 

The polyphase medium removes a given quantity of heat from foods in 
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of fruits, how to pack and preserve them for ice cream, and the taste and 
eye appeal which fruit impart to ice cream, are factors responsible for their 
inereased use. Amounts used, common varieties, sources and methods of 
preparation for use in ice cream are discussed in this article. W.H.LM. 


833. Profits the Milky Way. Louis D. Jones, Hamilton Beach Co., Ra- 
cine, Wis. Ice Cream Trade Jour., 37, No.7: 12. 1941. 


A description is given of how a successful merchandiser boosted his sale 
of ice cream by featuring ice cream and milk drinks. A creamy delicious 
malted milk or milk shake, an ice cream soda, tangy-zestful with flavor varie- 
ties to create wide taste appeal and a sundae with outstanding eye and taste 
appeal were used as leads. High quality ingredients, properly trained help, 
personal interest in his customers and accurate cost records are listed as some 
of the major points in his success. W.H.M. 


834. Current Sales Trends. O’Neat M. Jounston, Washington, D. C. 
Ice Cream Trade Jour., 37, No. 6:39. 1941. 


With the exception of January, May, August and September, every 
month in 1940 showed an increase in the sale of ice cream in the United 
States according to figures released by the Statistical and Accounting 
Bureau of the I. A. of I. C. Manufacturers, Washington, D. C. in Special 
Bulletin Number 65. The net increase for the year was 2.56 per cent above 
1939 sales. W.H.M. 


835. Stabilizing Water Ices and Sherbets. B. I. MAsurvosxy, Editor, Ice 
Cream Trade Jour. Ice Cream Trade Jour., 37, No. 6: 35. 1941. 


A replacement of 25 to 30 per cent of the sucrose in sherbets and ices 
with invert sugar, dextrose or corn sirup solids is suggested. There are 
several stabilizers for sherbets and ices and usually satisfactory results can 
be obtained by following the directions furnished with these products. Poor 
results sometimes occur because the composition of the mix is altered when 
fruits are added to the mixture. W.H.M. 


836. Smoothness in Ice Cream. G. C. Nortu, Beatrice Creamery Co. Ice 
Cream Trade Jour., 37, No. 6:13. 1941. 


Several factors, homogenization, proper balance of ingredients and faster 
freezing, have tended to eliminate coarseness in ice cream texture and a 
smoother product has resulted. Smoothness in texture is definitely related 
to size of ice crystals, size and number of air cells, presence of lactose crystals 
and butterfat particles. Homogenization increases the total fat globule 
surface and produces a lubricating effect making a given sample of ice cream 
appear to be smoother and the fat also offers mechanical obstruction to the 
formation of ice crystals. 
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By increasing the non-fat milk solids in the mix, the formation of large 
ice crystals is obstructed and the amount of water available for ice formation 
is reduced. The use of an excessive amount of total solids should be avoided, 
since freezing and storage difficulties may be encountered and defects such 
as sandiness and sogginess may result. A proper relationship between the 
fat and non-fat milk solids should be maintained and the kind and amount 
of sugar regulated to avoid excessive sweetness and freezing difficulties. 
Stabilizers and eggs also tend to improve the texture of ice cream. 

W.H.M. 


837. England’s Ice Cream Industry under Fire. CuirrorD SKERTCHLY, 
London, Eng. Ice Cream Trade Jour., 37, No. 6:10. 1941. 


With the use of fresh milk and cream forbidden and the use of butter, 
concentrated milk products and sugar greatly restricted, ice cream manu- 
facturers in England have turned to the use of substitute products. At first 
about the only change in the mix was the substitution of margarine for 
butterfat, later soya bean flour, corn flour and wheat flour replaced the 
milk solids. It also became necessary to reduce the sugar content from 13 
per cent to 11 per cent and to substitute honey for part of the sugar. The 
author states that England’s war-time ice cream seems to be palatable and 
its selling price shows no appreciable increase. The following is one of the 
recommended formulae used in England: 1 pound of fat; 8 ounces of wheat 
flour ; 1 pound of sugar; 2 ounces of egg yolk; water to make 1 gallon. 

W.ELM. 


838. A New Quick Freezing System. L. H. Bartuert anv H. E. Brown, 
Bur. Engin. Res., Univ. Texas. Refrig. Engin., 42, No. 2: 83. 
1941. 


The advantages and disadvantages of fluid contact freezing are described 
and the use of a polyphase freezing medium in order to overcome disad- 
vantages of the liquid medium is explained. 

This polyphase medium is a chilled solution of a freezing point de- 
pressing solute, through which is dispersed the solid phase of the solute in 
finely subdivided form. The mechanism of heat transfer is one largely of 
conduction. Decrease in the fluid film resistance of a polyphase medium is 
probably due to the fact that the thermal conductivity of ice is very much 
greater than that of the liquid phase, it being 1.3 btu. per ft. hr. °F. at 0° F., 
while that of a 63 per cent syrup is only 0.19 btu. per ft. hr. °F. at the same 
temperature. The weighted mean conductivity of a polyphase medium con- 
taining 5 per cent by weight of suspended ice in 63 per cent syrup is 0.27 
btu. per ft. hr. °F., which is 1.38 times the conductivity of the liquid phase. 

The polyphase medium removes a given quantity of heat from foods in 
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about 60 per cent of the time required by a liquid medium of similar compo- 
sition and at the same temperature. 

The heat transfer rates are nearly independent of fluid velocities enabling 
very slow circulation rates to be used, thus reducing energy losses to the 
medium. Also very viscous media can be employed at low temperature. 

The authors have developed a continuous freezing machine of simple 
design employing the polyphase medium of water-invert sugar refrigerated 
at --2° F. capable of freezing 50 lb. of product per hour, weighing 700 lb. 
and requiring only 8 ft. by 16 in. of floor space. The food product is fed 
into a hopper at one end. The circulation is maintained by the helicoid con- 
veyor, and by varying its speed, contact-time may be varied from 5 to 17 min. 
Low power is required, less than } h.p. being needed (exclusive of refrigera- 
tion) to operate the 50 lb. unit. Foodstuffs are frozen as individual pieces 
and thus may be stored in bulk containers from which they may be packed 
in smaller units as desired later. Because of the elasticity of the freezing 
fluid, delicate food products are not broken or crushed, while agitation is 
secured not only by means of the spiral motion in the helicoid conveyor but 
by means of a unique drive gear which rotates the screw about one-fifth turn 
forward and then about one-sixth turn backward. L.M.D. 


MILK 
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839. The Filter Disc as a Sediment Tester on the Farm. JoserH Burns, 
Schwartz Mfg. Co., Two Rivers, Wis. Natl. Butter and Cheese 
Jour., 32, No. 9: 56. 1941. 


It is suggested that the filter disc viewed as a sediment test by the farmer 
can stimulate the production of better milk. Filter dises and cellophane- 
covered cards on which to mount them were given to 8 farmers with the 
request that they return them at the end of a week to the plant receiving 
their milk. Plant technicians made daily methylene blue and sediment tests 
of each patron’s milk. Inspection of the filter dises indicated that some 
patrons tried to keep the milk cleaner and the author believes that keeping 
dirt out of milk leads to other good practices. The tabulated results of the 
plant technicians’ tests show no improvement in methylene blue or sediment 
during the six-day observation period. W.V.P. 


840. Proposed A.S.R.E. Methods of Rating and Testing Complete Can- 
type Milk Coolers. The American Society of Refrigerating Engi- 
neers, New York, N. Y. Refrig. Engin., 42, No. 3. 1941. 


Methods of rating can-type milk coolers developed by a special committee 
of the American Society of Refrigerating Engineers. The general purpose 
of this code is to provide the purchaser with the standard ratings so that he 
may select adequate equipment insofar as capacity and speed of cooling are 
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concerned. These methods, it is believed, will result in rating information 
entirely understandable by the dairyman. The test procedures include only 
electrically driven mechanical units. The methods proposed consist of 
Definitions, Types and Accuracy of Instruments, Rating Tests, Calculation 
of Test Results, General Data to be Recorded, and Test Report. The two 
most important ratings to be determined for any cooler are the Rated 
A.S.R.E. capacity and Rated A.S.R.E. power consumption. Different test- 
ing procedures are employed for non-ice-making coolers and ice-making 
coolers. Formulas are given for calculation of the above ratings and for 
the A.S.R.E. Rated Milk Cooling Coefficient, the latter being watt hours per 
gallon per degree F. The committee recommends that the Rated A.S.R.E. 
capacity and power consumption be included as one point in the manufac- 
turers’ published capacity data. L.M.D. 


841. Refrigeration Requirements in the Processing and Marketing of 
Milk and Milk Products. KENNETH M. RENNER, Texas Technol. 
College. Refrig. Engin. 42, No. 2:90. 1941. 


A resume of literature dealing with refrigeration requirements in con- 
nection with milk production, market milk handling, and milk products 
manufacture. The author points out that the following factors should be 
considered in their effect on refrigeration requirements: 1. The type of prod- 
uct that is to be refrigerated, and the specific requirements with respect to 
temperature control of the product. 2. The methods employed in the proc- 
essing of the product. 3. The peak load in any one day’s operation. 4. 
Type of equipment being used in the plant. 5. Methods of marketing the 
product. L.M.D. 


842. Marketing of Milk Products in Lenawee County, Michigan. Orion 
Unrey, Mich. State College Agr. Expt. Sta., East Lansing, in coop- 
eration with the Bur. of Agr. Econ., U.S. D. A. Spee. Bul., 310. 
June, 1941. 


This is a 42-page report of one segment of a study made in various states 
by the agricultural experiment stations in cooperation with the United States 
Bureau of Agricultural Economics. This report deals with the marketing 
of milk and butterfat in Lenawee County, Michigan, with special consider- 
ation being given to local and interregional competition. Production condi- 
tions also were studied on selected farms in two townships. 

Main purposes of the investigation were to determine the types of local 
market outlets, the place of the county dairy plants in processing milk prod- 
ucts, and the competitive position of the cream from this area in the eastern 
markets. Special attention was given to the inspection of cream by the city 
of Detroit and by the cities in the East. 
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An attempt was made to analyze the principal milk marketing problems 
of the area. One of the chief problems was found to be the lack of a uniform 
system of inspection of farms and plants by states and municipalities and 
a large variation in strictness of the enforcement of regulations. P.H.T. 


843. Stability of Homogenized Milk in Cookery Practice. Herrpert 
HoLLENDER AND K. G. WecKeL, Univ. Wisconsin, Madison, Wis. 
Food Res., 6, No. 4: 335. July-Aug., 1941. 


Homogenized milk was found to be definitely less stable (more easily 
coagulated) in cookery practice than unhomogenized milk. In the prepara- 
tion of escalloped potatoes the usual methods of stabilizing milk by adding 
sodium citrate, phosphate or carbonate produced variable results dependirg 
on the characteristics of the potatoes used. The acidity of the potatoes 
appeared not to be a measure of their effect. 

In the preparation of cooked oatmeals or wheat cereals, homogenized milk 
produced a whiter and more creamy dish than did unhomogenized milk and 
the coagulation was either retarded or prevented by the use of table salt in 
amounts normally used for seasoning. Preheating the milk did not influence 
its stability in the cereals. The type and degree of water hardness also was 
found to be a factor influencing stability. 

Homogenized milk used in egg custard caused a lower curd tension and 
greater serum separation ; however, the use of a lower cooking temperature 
and a shorter period of time overcame the serum separation to a considerable 
degree. F.J.D. 


844. Dairy Plant Refrigerating Systems. Ray B. Wor, Borden Co., San 
Francisco, Calif. Ice and Refrig., 99, No. 4: 234. 1940. 


The importance of refrigeration to the fluid milk industry is pointed out 
by showing that out of a total milk production of 12,500,000,000 gallons in 
the United States, 3,875,000,000 gallons are used for fluid milk and cream 
of which amount nearly 45 per cent or 1,743,750,000 gallons are pasteurized. 
It takes 5.35 tons refrigeration to properly handle 1000 gallons of pasteur- 
ized milk, and only about one-half of this is supplied by water. About 12 
per cent of the cooling load is before pasteurization, 43 per cent after pas- 
teurization and the balance is used for storage rooms. In addition, ? to 14 
tons of ice (the equivalent of 1} tons refrigeration) are needed for every 
1000 gallons of product for delivery purposes. 

The author points out that with the exception of very large plants, it is 
more profitable for a dairy to buy its ice than to manufacture it. The dis- 
advantages of brine as a cooling media in modern dairy equipment are 
pointed out. Chilled water, and the flooded type of direct expansion are 
to be preferred. The size of the unit depends on the operating procedure, 
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but a 6 x 6 unit will very nicely take care of a 50-quart filter. It is advisable 
to have auxiliary refrigerating equipment in order to avoid costly shut 
downs if a break down occurs. 

Different types of pasteurizing machinery are briefly touched upon. 
Proper controls are emphasized. L.C.T. 


PHYSIOLOGY 


845. Variations in Dairy Bull Semen with Respect to Its Use in Artificial 
Insemination. H. A. HerMAN anp E. W. Swanson. Mo. Agr. 
Expt. Sta. Res. Bul. 326. 82 pages. 1941. 


A comprehensive study, undertaken in order to determine the quality of 
semen produced by bulls whose breeding efficiency was known, to compare 
the actual efficiency of semen used in artificial insemination with the results 
of physical and chemical examinations of the sample, and to determine, if 
possible, the best measure of evaluation of semen to be used for artificial 
insemination of dairy cows under practical field conditions. 

A critical examination of semen from 342 separate ejaculates represent- 
ing 55 dairy bulls was made. The fertility of 51 of the bulls was determined 
from their breeding records and compared with the examination of their 
semen. 

The semen samples were found to vary widely in all properties studied. 
The variation was observed in different ejaculates of the same bull as well 
as in ejaculates of different bulls. The variations in initial motility and pH 
were not great. The greatest variations observed were in the length of time 
vigorous motility persisted and percentage of abnormal spermatozoa. 

The time of survival with good motility was found to be a good index of 
fertility of the semen. The longer vigorous motility was maintained in a 
sample of semen, the greater was the chance of that semen producing con- 
ception. 

The pH, initial motility, and percentage of abnormal spermatozoa were 
found to be related to fertility of the semen to only a limited extent. Semen 
of high pH, 7.00 or higher, was usually of very low viability. Semen of 
poor initial motility survived only a short time. A normal pH, good initial 
motility and low percentage of abnormal spermatozoa were an indication 
but not assurance of good fertility. 

Morphologically abnormal spermatozoa were found in every sample of 
semen examined. Bulls which produced semen averaging 30 per cent of 
abnormal spermatozoa were usually of poor fertility, but not all samples of 
semen containing over 30 per cent abnormal spermatozoa were infertile. 
The most common types of abnormal spermatozoa, in order of their occur- 
rence, were coiled tails, tailless, and pyriform. In the semen observed in 
this study no one of the three main types of abnormal spermatozoa seemed 
of more significance to infertility than other types. 
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Survival time of semen which was normally of good quality was not 
inereased by dilution with any of the common diluents used. Survival of 
semen from a few bulls was materially increased by dilution with egg-yolk- 
buffer dilutor. Such semen normally became thick and viscous in storage 
and the dilutor apparently prevented this or other deleterious effects. 

Fertility of good quality semen was maintained from 3 to 5 days when 
stored undiluted at 40° F. 

The fertility of a bull cannot be accurately estimated from a single semen 
examination. Three or more semen samples examined several days, or even 
weeks apart, with accompanying records of the bull’s actual breeding record, 
provides the most accurate method of evaluating fertility. 

A bibliography of 89 references is appended. J.G.A. 


846. New Portable Equipment for Measuring Respiration of Sperm 
Cells. R. E. Comstock, Univ. Minnesota, St. Paul, Minn. Amer. 
Soe, Anim. Prod. Proe., 33: 216-220. 1940. 


Apparatus is described for field measurement of respiration of semen 
samples. The principle is the same as for the Haldane gas analysis and the 
Bancroft apparatus (modified by Dixon) for direct measurement of volume 
change. In comparison with the Warburg method the correlation coefficient 
was .88. Corrections were made for temperature and barometric pressure. 
The equipment is portable and moderate in cost. G.C.W. 


847. The Site of Elaboration of the Pituitary Gonadotropic Hormone and 
of Prolactin. Maurice H. anp R. Bureau of 
Dairy Industry, U.8. D. A. Endocrinology, 29: 179. 1941. 


Beef pituitaries showed a much higher concentration of gonadotropic 
hormones in the central portion than in the peripheral portion. The reverse 
was true of prolactin although the difference was not so great. During a 
time interval when the rabbit pituitary was almost completely exhausted of 
its gonadotropic hormone content there was no significant change in the pro- 
lactin content. It was concluded that prolactin and the gonadotropiec hor- 
mone were secreted by the rabbit pituitary at independently variable rates 
and that in both the bovine and the rabbit pituitary, prolactin and the 
gonadotropic hormone behave as separate and independent physiologic 
entities. R.P.R. 


848. Progresterone-like Effect of Ascorbic Acid (Vitamin C) on the 
Endometrium. S. Leon anp D. R. MERANzE, Mount 
Sinai Hospital, Philadelphia. Endocrinology, 29: 210. 1941. 


Infantile rabbits and ovariectomized adult mice, rats and rabbits were 
primed by means of daily injections of estrogen for 7 days. The experi- 


; 

BY 


PHYSIOLOGY A343 


mental groups were then injected daily with monoethanolamine salt of 
aseorbie acid for 5 days. The control animals received either no further 
injections (estrogen controls) or daily injections of progesterone for 5 days 
(progesterone controls). The uteri of the 3 groups were then compared as 
to weight, gross appearance and microscopic characteristics. The proges- 
terone controls developed the heaviest uterine horns, the estrogen controls 
the lightest and the vitamin treated animals were intermediate. Microscopi- 
eally the endometrium of the vitamin treated animals approximated the 
secretory changes of the progesterone group. This response was most 
marked in infantile rabbits. R.P.R. 


849. Variations in the Yield of Gonadotropic Material from Green Plants 
in Relation to the Season of Growth and the pH of the Fresh 
Juice. Maurice H. Frmpman anp W. Bureau 
of Dairy and Plant Industry, U.S. D. A. Endocrinology, 29: 172. 
1941. 


In the experiments conducted there was a seasonal variation in the yields 
of gonadotropie activity from the juice of immature Sudan grass, oat and 
corn plants. Inactive juices were obtained from plants in autumn, winter 
and spring and these were characterized by a high initial pH and a high 
yield of solids in the washed and dried benzoie acid precipitate. Active 
juices were obtained from plants in the summer months and these were char- 
acterized by a low initial pH and a low yield of solids in the precipitate. 
Most of the active samples, however, were of relatively low potency, averag- 
ing about 1/20 of the potency of the late pregnancy urine. R.P.R. 


850. The Reproductive Organs in Malnutrition. Effects of Chorionic 
Gonadotropin upon Atrophic Genitalia of Underfed Male Rats. 
G. anp LEo PoMERANTzZ, Dept. Pharmacology, 
Columbia Univ. Endocrinology, 29: 267. 1941. 


The effects of acute starvation and of chronic underfeeding on the testes 
and the accessory genitalia of the male rat were studied. During chronic 
inanition there was atrophy of the accessory sex organs and of the interstitial 
cells of Leydig. The loss in weight of the testes and the diminution in the 
size and spermatogenie activity of the seminiferous tubules were considera- 
ble. These regressive changes were corrected by the injection of chorionic 
gonadotropin. Small doses over a 40-day period being more effective than 
large doses over a shorter period of time. Likewise, inanition sterility was 
corrected by the injection of chorionic gonadotropin. Complete starvation 
for 7 days lowered testicular weight as well as the weight of the accessory 
genitalia, particularly that of the seminal vesicles. R.P.R. 
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851. Use of Stilbestrol in the Suppression of Lactation. Samvuen D. 
A. R. Borrnicx, St. Louis, Mo. Jour. Clin. Endoerinol., 
1: 409. 1941. 


A group of 50 postpartum women were treated with stilbestrol in an 
attempt to suppress lactation. Five mg. of stilbestrol were administered 
onee, twice or three times. Breast engorgment was relieved or inhibited 
within 16 hours in 30 of 40 patients in the early puerperium. Treatment 
after the second week of puerperium, after lactation was well established, 
did not prove satisfactory. R.P.R. 


852. Clinical Effect of Stilbestrol on Postpartum Activity of the Mam- 
mary Glands. A. W. DippLe Anp W. C. Keerren, State Univ. of 
Iowa. Jour. Clin. Endoerinol., 7: 494. 1941. 


One hundred postpartum women were treated with stilbestrol for breast 
engorgment. Forty-six were multiparas and 54 primiparas. Treatment 
was continued from 1 to 6 days and the dosage varied from 5 to 50 mg. 
When the administration of stilbestrol was begun within 24 hours post- 
partum and continued for 5 days, 10 mg. daily, breast engorgment was pre- 
vented in most cases. The initiation of lactation was usually delayed but 
not entirely inhibited. When lactation had been established the amount of 
engorgment was not noticeably altered by stilbestrol treatment, however, 
milk seeretion was appreciably diminished. R.P.R. 


853. Studies on Pituitary Lactogenic Hormone. III. Solubilities of 
Sheep and Beef Hormones. CHon Hao Li, WuiuiAm R. Lyons 
AND Herpert M. Evans, Univ. California. Jour. Gen. Physiol., 
24: 303. 1941. 


The solubility of sheep pituitary lactogenic hormone in 0.302 N NaCl at 
pH 2.02 (solution in HCl) was determined at room temperature. The hor- 
mone showed a constant solubility in the presence of a considerable excess 
of solid phase, indicating that the preparation contained but one component. 
Beef lactogenic hormone showed a constant solubility in distilled H,O at 
7-8° C. in the presence of excess of the solid phase. The salting-out effect 
of NaCl in acid solution of both sheep and beef hormones was studied at room 
temperature. Both preparations behaved as pure substances, but they 
exhibited differences in solubility, thus indicating a species specificity. 


R.P.R. 


854. Inhibition of Lactation. Percutaneous Use of Testosterone. 
ABRAHAM J. FLEISCHER AND J. Invinc KusHNER, Bronx Hospital, 
New York City. Jour. Clin. Endoerinol., 1: 407. 1941. 


An attempt was made to inhibit lactation in 100 postpartum women with 
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testosterone propionate. Four mg. were administered by inunction daily, 
beginning on the second postpartum day. (The authors fail to mention the 
number of daily administrations employed.) The treatment was considered 
effective in 68 per cent of the cases. It was partially effective in 29 per cent 
of the cases and was entirely without effect in 3 per cent of the cases. In not 
one case was lactation entirely arrested, the effect being a diminution in the 
degree of lactation with resulting diminution of secondary signs and 
symptoms. R.P.R. 


855. Does Pregnancy Suppress the Lactogenic Hormone of the Pituitary. 
C. W. Turner anp Metres, Univ. Missouri. Endocrinol- 
ogy, 29: 165. 1941, 


Experiments were carried out in an attempt to determine whether or not 
there was an actual suppression of the lactogenic hormone during preg- 
nancy. The lactogen content of the pituitaries of 10 lactating rabbits 20 
days postpartum was similar to that of a group of 10 lactating and pregnant 
rabbits, 20 days postpartum. The average lactogen content per pituitary of 
rabbits ovariectomized on the 20th day of pregnancy and killed 2 to 5 days 
later was not significantly different from the amount present in the pitui- 
taries of intact animals on the 20th day of gestation. The lactogenic hor- 
mone was detected in the placentas of 3 of the pregnant-lactating group. 
The authors conelude that pregnancy has no inhibitory effect on the lacto- 
genic hormone of the pituitary. R.P.R. 


856. Influence of Epinephrin and Adrenal Cortical Extract on the Lacto- 
genic Properties of Prolactin. Davin R. CLIMENKO AND Evans 
W. McCuesney, Res. Labs., Winthrop Chemical Co., Rensselaer, 
N. Y. Endocrinology, 28: 710. 1941. 


A study was made of the effect of epinephrin and an adrenal cortical 
extract (Wilson and Company) on the lactogenic response of the lactogenic 
hormone. A series of 158 albino rats were rendered pseudo-pregnant by the 
administration of chorionic gonadotrophin. A slight degree of secretory 
activity was induced in the mammary glands by the treatment and the 
administration of 50 I.U. of the lactogenic hormone considerably augmented 
the effect. A somewhat greater effect was produced by 100 L.U. of lactogen 
but no significant increment of glandular activity was noted by raising the 
dose to 150 I.U. The secretory activity obtained by the administration of 
50 I.U. of lactogen was somewhat augmented by the simultaneous adminis- 
tration of adrenal cortical extract. A considerably greater effect was ob- 
tained if the lactogen treatment was accompanied by an epinephrin-induced 
state of hyperglycemia. Supplementation by both cortical extract and 
epinephrin did not seem to produce as great an effect as that produced by 
supplementation with epinephrin alone. It was suggested that the effect of 
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the cortical extract might possibly be explained on the basis of its anti- 
insulin properties. R.P.R. 


857. “Mammogen” and the Treatment of Spayed Hypophysectomized 
Rats with Lipoid Extracts of Cattle Pituitary. Roy O. Greep 
AND Homer E. Stave y, Div. of Pharmocology and Organic Chem- 
istry, Squibb Inst. for Med. Res., New Brunswick, N. J. Endo- 
erinology, 29: 18. 1941. 
Female cattle pituitaries desiccated in vacuo, powdered, and injected as 
a suspension in saline induced mammary growth in spayed hypophy- 
sectomized rats. A lipoid fraction, however, produced none of the signs of 
mammary stimulation. The mammogenic activity of the tissue residue was 
somewhat reduced by the extraction procedure but this loss of activity was 
not accounted for in the lipoid fraction. The pituitary tissue, before and 
after extraction, produced body growth. Increases in body weight and the 
extent of mammary stimulation were not always correlated. R.P.R. 


858. Effect of Stilbestrol on the Mammary Gland. A. A. Lewis anp 
C. W. Turner, Univ. Missouri, Columbia, Mo. Amer. Soc. Anim. 
Prod. Proc., 33: 68-66. 1940. 

Stilbestrol, a synthetic chemical, was reported to have the ability to 
stimulate the growth of mammary ducts, and some lobule-alveolar tissue, 
but differs from estrogen in having ability in addition to stimulate milk 
secretion in virgin or dry animals. It did not consistently stimulate animals 
already in lactation. G.C.W. 


859. The Time of Ovulation and Rate of Spermatozoa Travel in Cattle. 
J. E. Brewster, R. May anp C. L. Coie, Michigan State College, 
East Lansing. Amer. Soc. Anim. Prod. Proe., 33: 304-311. 1940. 
The average time of ovulation was 13.57 + 0.68 hours from the end of 
estrus in 53 cases of beef and dairy cows as determined by palpation. 
Heifers ovulated 3.04 hours earlier than cows that had previously calved. 
Ovulation occurred at any time during the day or night. Some of the cows 
were slaughtered after artificially inseminating with a bull producing active 
spermatozoa. Measurements on different parts of the genital organs re- 
vealed that the length of the tract was definitely longer for cows than for 
heifers. The average time required for sperm to reach the upper tube in 
cows was 5$ hours and in heifers 4} hours. The rate of travel appeared to 
be slightly slower in beef than in dairy cows. G.C.W. 


860. The Surgical Anatomy of the Teat of the Cow. H. L. Faust, Dept. 
Vet. Anat., Iowa State College. Jour. Amer. Vet. Med. Assoe., 98: 
148. 1941. 


The anatomical structure of the bovine teat is carefully described in a 
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paper which is well illustrated with pictures and drawings. Schematic 
drawings of several of the stages in embryonic development of the teat are 
also shown. F.E. 


MISCELLANEOUS 


861. The Competitive Position of Dairying in Michigan. Ross V. Bav- 
MANN AND E. B. Huu, Mich. Agr. Expt. Sta., East Lansing, in 
cooperation with the U. 8. D. A. Bur. of Agr. Econ., Spee Bul., 
209. June, 1941. 


This study was made in the effort to provide information concerning the 
outlook for dairying in Michigan. The advantages of dairying, compared 
with other lines of production, under conditions likely to develop in the 
future are considered. Estimates of future production are made over a ten- 
year period under different price conditions and also assuming there is no 
change in price relationships. Two areas were studied in detail and the 
results extended to surrounding regions by comparisons of farming systems 
and other conditions. 

A continuation of the present trend toward more milk production is 
indicated by a budget analysis of individual farms. Additional feed is 
expected to become available as a result of greater use of alfalfa and hybrid 
corn. P.H.T. 


862. How to Figure Refrigeration Insulation. Refrigeration Engineer- 
ing Application Data 27. Lee C. Lesum, Philadelphia, Pa. 
Refrig. Engin., 42, No. 2: 136. 1941. 

The author gives details in arriving at economic thicknesses of insulation 
citing practical problems and accompanying his explanations with tables and 
graphs. Attention is given to moisture resistance and protection and proper 
methods of installation of slab and bulk insulation materials. Numerous 
tables of valuable material are also included. L.M.D. 


863. Locker Storage and Related Freezing Facilities for Community 
Storage Plants. W. R. Woorricn, Univ. Texas, Austin, Texas. 
Ice and Refrig., 100, No.3: 199. 1941. 


This paper traces the historical development of locker storage plants and 
also announces the development by the University of Texas Bureau of Engi- 
neering Research of a new freezer for quick freezing of vegetables and fruits 
at a cost of 2} cents (including preparation of the product) per pound. A 
description of the types of locker plants is included. Some plants offer a 
multiplicity of services, e.g., (1) Slaughtering of livestock, (2) chilling of 
meats, (3) curing of meats, (4) slicing and wrapping of meats, (5) sausage 
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making and lard rendering, (6) smoking of meats, (7) fruit, vegetables, and 
fish processing, (8) sharp freezing, (9) quick freezing, (10) storage and 
(11) selling and buying of products. 

A diseussion of plant design is included. The chill room should be at 
least 12 ft. high and be insulated for a temperature of 30° F. This calls for 
5 or 6 inches of cork or its equivalent. The area of the chill room should be 
about 4 sq. ft. per anticipated locker capacity. The outside wall and ceiling 
of the sharp freezer room should have 8 inches of cork or its equivalent while 
the inner walls between locker, chill room and processing rooms should have 
at least 6 inches since this room is designed for a minus 15° F,, temperature. 
It should have a minimum of 60 sq. ft. of floor space for a 300 locker plant 
plus jy sq. ft. for each additional locker. The locker room temperature 
should be near 0° F. in order to minimize odors. The aisles should be 30 
inches wide. Ordinarily the dimensions should be 2.5 to 3 sq. ft. per locker 
installed. Load concentrations on the floor may reach 400 to 500 lbs. per 
sq. ft. Odorless asphalt should be used in the construction of locker rooms. 

Refrigeration requirements average 1 ton per 50 lockers in the south or 
per 60 lockers in the north. L.C.T. 


864. The Conservation of Water in Refrigeration. Grorce E. Toues. 
Ice and Refrig., 100, No. 2: 109. 1941. 


This article resolves itself into a justification for the use of evaporative 
condensers in preference to all other kinds as a means for cutting down on 
condensing water costs. Figures are given for relative savings on a 50 ton 
plant if different condensers are used. It is pointed out that with a cooling 
tower 4 gallons of water per minute per ton capacity must be circulated, 
while an evaporative condenser will use but 1? gallons of water per hour 
plus a 25 per cent entrainment. In the case of a city water condenser, 1 
gallon per minute per ton is the usual usage. Even though air circulating 
fans are required with the latter system, the final operating cost will proba- 
bly be 25 per cent that of the city water system and 35 per cent of that of 
the cooling tower system. Proper engineering can make the evaporative 
condenser fully automatic in operation. 

Where the evaporative condenser is not used, savings in water may be 
effected by using the condenser water for other purposes. L.C.T. 


865. Census Bureau Reports on Refrigerating Business. ANONYMOUs. 
Ice and Refrig., 100, No.2: 97. 1941. 


The article in question consists entirely of a mass of data giving produc- 
tion figures and values of mechanical units and value of ice manufactured. 
Machines are classified according to power usage. Employment figures for 
the refrigerated machinery industry are given. L.C.T. 
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866. Construction of Flooded Evaporators for Stable Operation. F. J. 
Bossy, The Union Ice Co., Watsonville, Calif. Ice and Refrig., 100, 
No. 1:32. 1941. 


Flooded evaporators should meet certain requirements, ¢.9.: 

1. The unit must be arranged in such a way as to operate with a low 
liquid head to obtain the lowest temperatures of the refrigerant for any 
given evaporating pressure. 

2. It must produce proper circulation of the liquid refrigerant in order 
to wash the gas film from the transfer surfaces. 

3. It must permit proper refrigerant velocities in the pipe coils in order 
to avoid excessive friction and turbulence. 

4. It must be arranged in such a way as to provide the proper liquid head 
in order to give this desired circulation. 

5. It must be provided with adequate return pipes for the circulating 
liquid (drop legs) in order to return the circulating liquid to the evaporator 
and avoid piling up under maximum load conditions. 

6. It must provide either fixed or variable liquid level control in order to 
fix the operating head under any given load and to protect against flooding. 

The author points out that 50 per cent vapor to total gas and liquid by 
volume is about optimum. A velocity of 300 ft. per minute in the piping is 
desirable. In order to maintain the proper velocity a certain amount of head 
must be maintained. This can be determined by use of certain formulae 
which the author includes. Operating diagrams also are given. L.C.T. 


867. Piping Design Problems in Frozen Foods Locker Plants. Jonn H. 
Carter, Kupferle-Hicks Heating Co., 3974 Delmar Blvd., St. Louis, 
Mo. Ice and Refrig., 99, No.4: 271. 1940. 


This article includes a floor plan for a 415 locker plant. Temperatures 
and times which are most desirable are listed as follows: Chilling, 33° to 35‘ 
F. for about 24 hours; aging, 33° to 35° F. for 3 days for hogs, ordinary beef 
a week to 10 days, and well fattened corn-fed steer beef as much as three or 
four weeks; freezing, — 15° F. as low as 12 minutes for peas, and as much as 
12 hours for a large roast ; storage, 0 to 12° F. with 0° to 5° most desirable, 
and average time about 3 months. The usual loading allowance is 3 pounds 
of product per locker per day, somewhat less in Summer, and somewhat more 
in Fall. For a 415 locker plant as illustrated, the estimated load for the 
locker room alone is 10,878 btu. per hour maximum. The locker room would 
require about 800 ft. of 14 inch F.W.B.S. piping, or about 350 sq. ft. of coil 
surface. If the coil surface is free from frost and a transfer factor of 2.5 
btu./hr./sq. ft./deg. temp. difference is assumed, a temperature difference of 
12.5° F. must be maintained. As frost accumulates this difference must be 
increased or the coil area must be increased beyond 800 sq. ft., e.g., to 1200 
sq. ft. 


A350 ABSTRACTS OF LITERATURE ON MILK AND MILK PRODUCTS 


For the freezer room with a maximum requirement of 16,625 btu./hr., 
about 200 sq. ft. of piping will be required if forced circulation at the rate 
of 500 ft./min. is used, and the transfer factor is 7.0. About 8 to 12 air 
changes per minute are recommended. The capacity of the blower can then 
be readily estimated. Coils should be defrosted frequently. About 600 ft. 
of 14” F.W.B.S. pipe coil are advised for the aging room. This is based on 
a 4221 btu./hr. load. The chill room requires about 435 ft. of 14” F.W.B.S. 
pipe coil, based on a 3011 btu./hr. load. The general storage room with a 
3515 btu./hr. load will take about 325 ft. of 14” F.W.B.S. pipe coil. With 
a load of 2902 btu./hr. the curing room will require about 205 ft. of 14” 
F.W.B.S. pipe coil. 

All figures in this article were based on the use of ammonia as the 
refrigerant, and would require revision if others were used. L.C.T. 


868. Priorities and Your Business. ANonyMous. Ice Cream Field, 38, 
No. 2: 39. 1941. 


Mention is made of the fact that many products, including aluminum, 
nickel-bearing steel, milk steel, rubber, synthetic rubber, and eléctric motors 
are now on the priority list of the Office of Production Management in Wash- 
ington. Other additions are being made to this list and the Dairy Industries, 
themselves essential industries, are finding it more difficult to operate. 

Those responsible for the nation’s planning realize the importance of 
dairy products to the health and well being of her population and are doing 
what they can to enable the Dairy Industries to continue to operate although 
very definite restrictions and changes have been made in supplies and equip- 
ment, and others will of necessity follow. So far many of these restrictions 
are on a voluntary basis and it is stated that if handled properly this can 
continue. 

One of the demands of the O.P.M. is that all industries attempt to work 
out suitable substitutes to relieve shortages of critical materials. For the 
industrial equipment and supplies field this program, it is stated, has been 
assumed by a special sub-committee of the Dairy Industries Supply Assoei- 
ations Technical Committee. W.C.C. 


869. Raising the 4-H Dairy Calf. Raising the 4-H Dairy Heifer. Man- 
aging the 4-H Dairy Cow. E. J. Perry anp J. R. Porter. New 
Jersey Agr. Ext. Serv. Bul. 225, 226, and 227, respectively. 11 
pages, 14 pages, and 18 pages, respectively. 1941. 


This series of attractively illustrated bulletins written especially for 4-H 
club members gives specific information on the topics indicated.  J.G.A. 
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SOLVAY CLEANSER 


Used by dairies and creameries the 
country over. Cleanser No. 300 has an 
excellent reputation for giving maxi- 
mum effectiveness as a general util- 
ity cleanser. HERE ARE THE AD- 
VANTAGES YOU GET BY USING 
CLEANSER No. 300: 


1. Not harsh on the hands. 


2. Cleans clean under a wide variety of dairy con- 
ditions. 


3. Cleans with minimum effort. 


4. Harmless when used properly on such ma- 
— as painted surfaces and metal equip- 
men 


5. Effective under practically all water condi- 
tions. 


6. Rinses easily. 


7. oe composition produces dependable re- 
sults. 


8. A little does a good job. 
WRITE TODAY FOR COMPLETE FOLDER! 


SOLVAY % 
CLEANSER 


This cleanser is slightly more active 
than Number 300. It is particularly 
advantageous where exceptionally dirty 
equipment is to be cleansed. It has 
gained wide popularity in plants as a 
cleanser of medium strength. 


WRITE FOR COMPLETE 
FOLDER! 


SOLVAY SALES CORPORATION | 
40 Rector Street, New York, W. Y. 
| 
| 


your complete folder on 


| (J Please send me your complete folder on 
| Cleanser No. 400 


State ........ CX-1141 


with the improved 


Spencer 
Quebec Colony Counter 


DARK BACKGROUND affords maxi- 
mum contrast. Pin-point colonies are 
seen easily. Glare is eliminated. 


DIVIDING LINES are bright, like 
the colonies, clearly defining the areas. 


COLONIES glow brightly over a dark 
background. 
OPERATORS work more efficiently, 


more comfortably and obtain more 
accurate results. 


Wolffhuegel, Stewart or Jeffer plates 
may be used under the Petri dish. 


Complete with counting 
plate $30.00 


Consult your laboratory supply dealer 
or write Dept. Y28 for complete details 


Spencer Lens Company 


BUFFALO, NEW YORK 
Scientific Instrument Division of 
AMERICAN OPTICAL COMPANY 


Seles Offices: New York, Chicago, Ser Frencinco. Washington. Boston, Los Angeles, 
Deties, Columbus. St. Lowis, Philedeiphia, Atiente 


Your advertisement is being read in every State and in 25 Foreign Countries 


| 
oa 
| ae 
| le = = = 
| QS% 
4 
| 
| Name 


JOURNAL OF DAIRY SCIENCE 


AMERICAN DAIRY SCIENCE ASSOCIATION 


INCORPORATED IN THE DISTRICT OF COLUMBIA 


Officers 
President BNRY F, Jupkins, New York, New York 
Vice-President ..../LERBERT P, Davis, Lincoln, Nebraska 
Secretary-Treasurer R. B. Columbus, Ohio 
wml, SuTron, Columbus, Ohio 
Director asin comme, MALCOLM Trout, East Lansing, Michigan 
Director Knorr, Pullman, Washington 
Director LOWARD B, ELLENBERGER, Burlington, Vermont 
Director RTHUR C, DAHLBERG, Geneva, New York 
Derector N, SHEPARDSON, College Station, Texas 
Director iopemmnnrtinmnnnnnnmene ORDYCE ELY, Lexington, Kentucky 
Director WEES Harry W. Cave, Stillwater, Oklahoma 


Officers of Sections 
DaIRY PRODUCTION SECTION 


Chairman .onumll, A, HERMAN, Columbia, Missouri 
Vice-Chairman mmm, L, TURK, College Park, Maryland 
Secretary Dwicut L, Espe, Ames, 


DAIRY MANUFACTURING SECTION 


Chairman .... H, BURGWALD, Columbus, Ohio 
Vice-Chairman WHITAKER, Baltimore, Maryland 
Secretary G, WECKEL, Madison, Wisconsin 
Dairy EXTENSION SECTION 
Chairman umnmueGtLEN W, VERGERONT, Madison, Wisconsin 
Vice-Chairman KENDRICK, Washington, D. C. 
Secretary mul, ©, SCHEIDENHELM, East Lansing, Michigan 
Officers of Divisions 
SouTHERN 
Chairman ; ..C. D, GRINNELLS, Raleigh, North Carolina 
Vice-Chairman .. ...R, B. BECKER, Gainesville, Florida 
Secretary-Treasu-er J. P. LAMASTER, Clemson, South Carolina 
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Chairman 
Vice- Chairman 
Secretary-Treasurer 


K. 8S. Morrow, Durham, New Hampshire 
C, Moore, Durham, New Hampshire 
R, Down, Storrs, Connecticut 


WESTERN 
Vice-Chairman GOLDING, Pullman, Washington 
H. P. Ewart, Corvallis, Oregon 


The American Dairy Science Association was organized to advance the general wel- 
fare of the dairy industry, especially by the improvement of dairy instruction by the 
stimulation of scientific research in all phases of the subject and by improvement in 
methods of conducting extension work. 


Membership. Any person is eligible to membership who is formally announced by 
an Agricultural College or Experiment Station, or by the Bureau of Dairy Industry of 
the United States Department of Agriculture or by the Canadian Department of Agri- 
culture as an instructor, extension worker, investigator, or administrative officer connected 
with the dairy industry, or any person filling a position of responsibility connected with 
the dairy industry who has had a college or university training in technical science, or 
any person filling a responsible position in the dairy industry of a professional character 
requiring a technical knowledge of dairying of a high order. The membership fee is $5.00. 


The dues are $5.00 a year, $3.00 of which is for a year’s subscription to the Journal 
= Dairy Science. Correspondence regarding membership and dues should be addressed to 
R. B. Stoltz, Ohio State University, Columbus, Ohio. 
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Complete sections on Laboratory and Bacteriological 


Equipment, Utilities and 
Chemicals, begin on page 
191 of your new Mojonnier 
Catalog “E”. Refer to them 
as well as to the many other 
modern dairy products shown 
in this new catalog for your 


day-to-day needs. 


If you have not yet received 
your copy of Catalog “E”, 
drop usa line. The supply 
is limited so write today. 


MOJONNIER BROS. CO. 
4601 W. Ohio St. Chicago, Illinois 


THE COMPOUNDING OF 


FINE VANILLA FLAVORING 


IS AN 
ART 


The leadership of Mixe- 
van for quality is the 
result of over 30 years 
specialized experience. 
Its uniform character 
is achieved through ex- 
pert knowledge, indi- 
vidual selection of 
beans, extra develop- 
ment of the bouquet, 
intricate compounding 
and special grinding 
technique . . . It ts the 
ultimate in fine flavor- 
ing for dairy products. 


Your advertisement is being read in every State and in 25 Foreign Countries 


MICHAELS MIXEVAN 
AMERICA'S FLAVORITE: 


MADE FROM BOURBON AND 
MEXICAN VANILLA BEAN. 
_VANILLIN AND: SUGAR 


BLENDED AND PROCESSED 
A DELIGHTFUL MELLOW MILO FLAVOR 


DAVID MICHAEL & CO: 
VANILLA P PRODUCTS 


FRONT AND MASTER STS 
PHILADELPHIA. 
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NOTICE TO CONTRIBUTORS 


Authorship of Original Articles and Reviews.—Space in the Journal is reserved 
for the publication of original research voluntarily submitted by members of the 
association to the JouRNAL and review articles by invitation. In the case of joint 
authorship the membership ruling applies to one author only. 

Papers that have already appeared in print or that are intended for simulta- 
neous publication elsewhere, will not be accepted. 

Manuscripts.—Manuscripts should be submitted in double spacing on one side 
of suitable 84” 11” paper. The original copy—not the carbon—should be fur- 
nished, packing it flat—not rolled or folded. All illustrative and tabular material 
should accompany the manuscript. The position of each illustration and of each 
table should be clearly indicated in the text. 

Each manuscript must be accompanied by an Author’s Abstract not to exceed 
300 words which will appear in the advance abstract section of the JouRNAL. 

In the case of manuscripts, other than review articles prepared by invitation, 
that contain more than 12 printed pages, the author is charged at the rate of $5.00 
per page for all pages in excess of twelve. This charge is omitted in the case of 
articles of extraordinary merit. 

Manuscripts voluntarily submitted, when approved for publication, will be pub- 
lished in the order of their receipt. Manuscripts should be sent to the Editor, T. S. 
Surron, Plumb Hall, Ohio State University, Columbus, Ohio. 

Drawings.—Drawings, diagrams and charts for illustrations should be prepared 
for reproduction as line drawings or halftone engravings. The original drawings 
should be done in India ink on white or blue-white tracing cloth, tracing paper, or 
Bristol board and neatly lettered in India ink. Legendary material on the drawing 
should be neatly lettered in India ink—not typewritten. 

The original drawings—not photographs of the drawings—should accompany 
the manuscript. Illustrations not in proper finished form will be prepared for pub- 
lication and the author charged for the cost of the work. 


Photographs.—Photographs for halftone reproductions should be glossy prints, 
free of all imperfections. 


Legends.—All illustrative materials, both drawings and photographs, should be 
accompanied by appropriate legends, typewritten on a separate sheet of paper. 

Tabular Material.—Tabular material in the manuscript should be clear, concise 
and aceurate. Simple tables are more effective than complicated ones. If possible, 
tables should be so organized that they may be set crosswise of the page. In many 
instances it is possible to materially improve the appearance and usefulness of 
tabular material without sacrificing completeness of information, by condensing 
detailed data and presenting them in a simple table summarized form. 

References.—References should be listed alphabetically as to authors and num- 
bered ; and citations in the text should be made by the number in parentheses, corre- 
sponding to the number in the reference list. 

Each reference should contain the following data in the following order: Name 
and initials of author or authors; title of the article referred to; principal words in 
the titles of all articles should be capitalized; name, volume, number, page number 
and year of publication. 

Abbreviations of the titles of publications should conform to the standard set 
by the United States Department of Agriculture given in U. S. Dept. Agr., Mise. 
Pub. 337, April, 1939. 

For uniformity of punctuations the references should conform to the following 
example: (1) Jonsgs, L. W., anp Situ, J. D. Effect of Feed on Body of Butter. 
Jour. Datry Scr., 24: 4, 550-570. 1941. 

References should be carefully checked for accuracy by the author. 
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All Back Copies 
Are Now Available 


The Board of Directors has recently had nine back 
numbers reproduced 


Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 


Individual numbers $1.00 each 


These may be procured by ordering them from the 
Sec’y-Treas., c/o Ohio State University, Columbus, 
Ohio. Make all checks payable to the 


AMERICAN 
DAIRY SCIENCE ASSOCIATION 


ll 


Vol. XII ..... $5.00 
XIII ..... 5.00 
Va. E....... gee ..... | 
wan. We....... Gee 
WE....... oe XVIII..... 6.00 | 
Wall. ....... XIX ..... 6.00 
Vel XX ..... 6.00 
| XXII ..... 6.00 
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FLAV-0-LAC 
FLAKES 


THE CULTURE 
of definitely better 
flavor & aroma-pro- 

ducing qualities. 
The standard with 
foremost operators, 

agricultural schools & 
colleges. 


FAN DARD Wwe 
FLAV-0-LAC FLAKES 


(shown) produce a 

quart of the finest 

starter on a single 

agation. Single 

ottles $2.00. 

SPECIAL FLAV-0- 

LAC FLAKES “40” 

produce 40 quarts of Our cultures are 

starter on a single prop- safely shipped to 

F Single bottles all parts of the 
world. Money back 
guarantee. Send 
for our free culture 
manual, 


DAIRY LABORATORIES 


Dept. J-111, Phila., Pa. 

BRANCHES 
New York ashington 
See our catalog in'T , Catalog. 


MARSCHALL 
RENNET 


FOR PERFECT RE- 
SULTS IN CHEESE 
MAKING! AMERICA’S 
FAVORITE BRAND— 
IT IS ALWAYS 
STRONG, PURE AND 
UNIFORM. 


Marschall Dairy 
Laboratory 


Incorporated 
Madison, Wisconsin 


The Gaulin Homogenizer is sanitary, easy to clean and approved by all 
leading health boards. 

It is now available in 50 gallon to 2000 gallon per hour capacities and 
each is equipped with the Gaulin Two Stage Valve—a patented feature. 
The Gaulin is the idea! all purpose machine—used for processing Ho- 
mogenized Milk, evaporated milk, ice cream and any other dairy prod- 
uct demanding a uniform fat dispersion with regulated viscosity. 


MANTON-GAULIN 


TWO STAGE 


HOMOGENIZER 


oe ie fully THE MANTON-GAULIN MFG. CO., INC. 
7 CHARLTON STREET EVERETT, MASS., U.S.A. 


Write for it. 


IU take Mith! 


Your advertisement is being read in every State and in 25 Foreign Countries 
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FULL-FLO PLATE EQUIPMENT 


IDEAL FOR: 


Pasteurization 


* 


Automatic in operation and control... ready to go at a moment’s 
notice ... CP Full-Flo Plate Equipment meets every requirement of 
this newer method of pasteurization. Start the product through... in 
two minutes or less, the perfectly pasteurized and cooled product goes 
into the bottles. 


Processing costs are less. . . regeneration saves three out of four 
B.T.U.’s required for older systems. 


CP Full-Flo Plate Equipment meets all inspection requirements. 
Heating, regenerating, cooling and holding are all done in one compact 
unit requiring less floor space, shorter pipe lines. It is easier to clean 
because the uniform milk flow over the unique horizontal double-ported 
CP Full-Flo Plates eliminates pockets and minimizes milkstone 
formation. 


Write for new Bulletin—just off the press—giving full details. 


THE CREAMERY PACKAGE MFG. COMPANY 


1243 West Washington Blvd., Chicago, Illinois 


Branches: Atlanta — Boston — Buffalo — Chicago — Dallas — Denver — Kansas City — Los 
Angeles — Minneapolis — New York — Omaha — Philadelphia — Portland, Oregon — alt. Lake 
City — San Francisco — Seattle — Toledo — Waterloo, Iowa 


Creamery Package Mfg. Co. of Canada, Ltd., 
267 King St., West, Toronto, Ont., Canada 


The Creamery Package Mf; Compuse, Ltd 
Avery House, Clerkenwell Green, fond don, E. C. : “England 


Your advertisement is being read in every State and in 25 Foreign Countries 
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DETECTION OF Coli IN MILK 


BACTO-VIOLET RED BILE AGAR 


is recommended in “Standard Methods for the Examination of 
Dairy Products” of the American Public Health Association for 
direct plate counts of coliform bacteria in milk and other dairy 
products. Upon plates of medium prepared from Bacto-Violet 
Red Bile Agar coliform organisms form reddish colonies, 1 to 2 
mm. in diameter, which are usually surrounded by a reddish zone 
of precipitated bile. After incubation for 18 hours at 37°C. 
counts of these colonies may be made without interference by 
extraneous forms. 


BACTO-BRILLIANT GREEN BILE 2% 


is an excellent medium for detection of the presence of coliform 
bacteria in milk. Results obtained by direct inoculation of milk 
into fermentation tubes of medium prepared from Bacto-Brilliant 
Green Bile 2% are a dependable indication of the presence of 
coliform organisms in the original sample. Use of this dehydrated 
medium is approved in “Standard Methods.” 


BACTO-FORMATE RICINOLEATE BROTH 


is also a useful medium for detection of coliform organisms in 
milk. The medium is used in fermentation tubes which are 
inoculated with the milk sample. Growth of lactose fermenting 
bacteria is stimulated and gas production is accelerated in this 
medium. Use of the dehydrated medium is approved in 
“Standard Methods.” 


Specify “DIFCO” 


THE TRADE NAMB OF THE PIONEERS 
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media 


Dirco LABORATORIES 


INCORPORATED 
DETROIT, MICHIGAN 


Your advertisement is being read in every State and in 25 Foreign Countries 
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